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(54) Fluid logic for regulating restriction devices 

(57) Methods and devices are provided for regulating 
a restriction system. In one exemplary embodiment, a 
restriction system (10) is provided having a restriction 
device (20) configured to receive fluid and to form a re- 
striction in a pathway corresponding to an amount of fluid 
contained therein, at least one fluid reservoir (40,50), and 
a fluid logic system (30) coupled between the restriction 
device and the at least one fluid reservoir. The fluid logic 
system is configured to regulate an amount of fluid in the 
restriction device in response to a fluid pressure acting 
thereon. 
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Description 

FIELD 

[0001] The present invention relates to methods and 
devices forforming a restriction in a pathway, and in par- 
ticular to fluid logic systems and methods for controlling 
fluid pressure in a restriction system. 

BACKGROUND 

[0002] Obesity is becoming a growing concern, partic- 
ularly in the United States, as the numberof obese people 
continues to increase, and more is learned about the neg- 
ative health effects of obesity. Morbid obesity, in which 
a person is 1 00 pounds or more over ideal body weight, 
in particular poses significant risks forsevere health prob- 
lems. Accordingly, a great deal of attention is being fo- 
cused on treating obese patients. One method of treating 
morbid obesity has been to place a restriction device, 
such as an elongated band, about the upper portion of 
the stomach. Gastric bands have typically comprised a 
fluid-filled elastomeric balloon with fixed endpoints that 
encircles the stomach just inferiorto the esophageal-gas- 
tric junction to form a small gastric pouch above the band 
and a reduced stoma opening in the stomach. When fluid 
is infused into the balloon, the band expands against the 
stomach creating a food intake restriction or stoma in the 
stomach. To decrease this restriction, fluid is removed 
from the band. The effect of the band is to reduce the 
available stomach volume and thus the amount of food 
that can be consumed before becoming "full." 
[0003] With each of the above-described food restric- 
tion devices, safe, effective treatment requires that the 
device be regularly monitored and adjusted to vary the 
degree of restriction applied to the stomach. With band- 
ing devices, the gastric pouch above the band will sub- 
stantially increase in size followingthe initial implantation. 
Accordingly, the stoma opening in the stomach must in- 
itially be made large enough to enable the patient to re- 
ceive adequate nutrition while the stomach adapts to the 
banding device. As the gastric pouch increases in size, 
the band may be adjusted to vary the stoma size. In ad- 
dition, it is desirable to vary the stoma size in order to 
accommodate changes in the patient's body ortreatment 
regime, orin a more urgent case, to relieve an obstruction 
or severe esophageal dilatation. Traditionally, adjusting 
a hydraulic gastric band requires a scheduled clinician 
visit during which a huber needle and syringe are used 
to permeate the patient's skin and add or remove fluid 
from the balloon. More recently, implantable pumps have 
been developed which enable non-invasive adjustments 
of the band. An external programmer communicates with 
the implanted pump using telemetry to control the pump. 
During a scheduled visit, a physician places a hand-held 
portion of the programmer near the gastric implant and 
transmits power and command signals to the implant. 
The implant in turn adjusts the fluid levels in the band 



and transmits a response command to the programmer. 
[0004] While such techniques are successful in adjust- 
ingtheband pressure, there remains a need for improved 
techniques. Conventional hydraulic gastric banding de- 

5 vices exert a continuous restricting force on the stomach 
to reduce the size of the upper stomach and to restrict 
the passage of food from the upper to the lower stomach. 
However, side effects and complications of conventional 
gastric banding devices include erosion of the exterior 

10 stomach tissue resulting from the constant pressure of 
the band on the exterior stomach. In addition, hydraulic 
bands do not offer stable banding overtime. Liquid within 
the bands diffuses slowly through the elastomer. Hydrau- 
lic bands therefore cannot guarantee the optimal config- 

15 uration of the band over time. Multiple adjustments to 
maintain the optimal configuration of the band are re- 
quired, increasing the cost and the number of medical 
visits. Also, adjustment of the band requires puncture of 
the patient's skin, resulting in discomfort for the patient 

20 and an increased risk of infection. 

[0005] Accordingly, there remains a need for methods 
and devices for regulating a hydraulic restriction system. 

SUMMARY 

25 

[0006] Methods and systems are generally provided 
for automatically regulating a restriction in a pathway. In 
one embodiment, a self-regulating restriction system is 
provided and includes both a restriction device config- 

30 ured to receive fluid to form a restriction in a pathway and 
a fluid logic system coupled to the restriction device and 
configured to regulate an amount of fluid in the restriction 
device in response to a fluid pressure to thereby control 
thesize of the pathway. Thefluid logicsystem can include 

35 one or more fluid reservoirs and one or more valves cou- 
pled between the fluid reservoir(s) and the restriction de- 
vice. In one exemplary embodiment, the fluid logic sys- 
tem defines one or more pre-set pressure limits that allow 
valves to be configured such that when a pressure of 

40 fluid in the restriction device is less than or greater than 
the pre-set pressure limit(s) the valve(s) can move from 
a closed to an opened position to allow fluid to flow be- 
tween the fluid reservoir(s) and the restriction device. 
More specifically, pre-set pressure limits can include a 

45 minimum pre-set pressure limit that allows the valve(s) 
to be configured such that when the pressure of fluid in 
the restriction device is less than the minimum pre-set 
pressure limit the valve(s) can open to allow fluid flow 
from the fluid reservoir(s), which in a preferred embodi- 

50 ment is a high pressure fluid reservoir, to the restriction 
device. When the pressure of fluid in the restriction device 
is raised to be equal to and/or greater than the minimum 
pre-set pressure limit, the valve(s) can be configured to 
close to stop fluid flow from the fluid reservoir(s) to the 

55 restriction device. Likewise, pre-set pressure limits can 
also include a maximum pre-set pressure limit that allows 
the valve(s) to be configured such that when the pressure 
of fluid in the restriction device is greater than the maxi- 
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mum pre-set pressure limit the valve(s) can open to allow 
fluid flow from the restriction device to the fluid reservoir 
(s), which in a preferred embodiment is a low pressure 
f I ui d rese rvoi r. Wh e n th e p ress u re of f I ui d i n t he restricti on 
device is lowered to be equal to and/or less than the 
maximum pre-set pressure, the valve(s) can be config- 
ured to close to stop fluid flow from the restriction device 
to the fluid reservoir(s). Embodiments that include any 
combination of a minimum and maximum pre-set pres- 
sure limit and a high and low pressure fluid reservoir can 
be used in a fluid logic system, and in at least one em- 
bodiment of a fluid logic system, minimum and maximum 
pre-set pressure limits can be used with high and low 
pressure fluid reservoirs. Further, one or more valves 
can be configured to be operational with any such system 
that includes any combination of the minimum and max- 
imum pre-set pressure limits and the high and low pres- 
sure fluid reservoirs, including an embodiment that has 
both minimum and maximum pre-set pressure limits and 
high and low pressure fluid reservoirs. The pre-set pres- 
sure limit(s) of the fluid logic system can also be fixed or 
adjustable, for instance by adjusting a pressure of fluid 
in the fluid reservoir(s) or by adjusting one or more pa- 
rameters of the valve(s). 

[0007] While the fluid logic system can include one or 
more valves and reservoirs, in one embodiment a logic 
valve is used to regulate the amount of fluid in the restric- 
tion device in response to a fluid pressure. More partic- 
ularly, the logic valve can be configured to regulate fluid 
flow in response to a pressure of fluid in the restriction 
device. In one embodiment, the logic valve can be cou- 
pled to a biasing mechanism that is effective to apply a 
biasing force to the logic valve that counteracts a force 
applied to the logic valve by a pressure of fluid in the 
restriction device. In an exemplary embodiment, the bi- 
asing mechanism can be adjustable to allow the biasing 
force to be adjusted, which in turn allows the one or more 
pre-set pressure limits of the fluid logic system to be set 
and/or adjusted. While logic valves can be configured in 
a variety of ways, in one embodiment the valve includes 
a first port in fluid communication with the fluid reservoir 
(s) and a second port in fluid communication with the 
restriction device. The logic valve can also include one 
or more seals configured to regulate fluid flow between 
the first and second ports to thereby regulate fluid flow 
between the fluid reservoir(s) and the restriction device. 
A third port can also be included, for instance by placing 
it in fluid communication with the fluid reservoir(s), and 
further, the seal(s) can be configured to regulate flow 
between the second port and the third port to thereby 
regulate fluid flow between the fluid reservoir(s) and the 
restriction device. More particularly, the logic valve can 
be configured to regulate fluid flow between the first, sec- 
ond, and third ports in response to a pressure of fluid in 
the restriction device. In one exemplary embodiment, the 
first port can be in communication with a high pressure 
fluid reservoir and the third port can be in communication 
with a low pressure fluid reservoir. 



[0008] Another type of valve that can be used in the 
fluid logicsystem is a regulator valve. In one embodiment, 
the regulator valve can include a bi-stable beam that is 
effective to selectively open and close the regulator valve 

5 to regulate fluid flow in response to a pressure of fluid in 
the restriction device. More particularly, the bi-stable 
beam can be configured to buckle when a force is applied 
to the beam, which in turn can cause the regulator valve 
to open to allow the flow of fluid between thef luid reservoir 

10 (s) and the restriction device. A biasing mechanism can 
be coupled to the bi-stable beam and effective to apply 
a biasing force to the beam to direct it toward a buckled 
configuration, while a force applied to the beam by a pres- 
sure of fluid in the restriction device can be effective to 

15 counteract the biasing force. In another embodiment of 
a regulator valve, the regulator valve can include a gate 
movable between an opened position, in which fluid can 
flow from the fluid reservoir(s) to the restriction device, 
and a closed position, in which fluid can be prevented 

20 from flowing between the fluid reservoir(s) and the re- 
striction device. The gate can be movable based on a 
variety of forces that are applied to the gate, but in an 
exemplary embodiment a biasing mechanism applies a 
biasing force to the gate to bias the gate toward the 

25 opened position and a force applied by a pressure of fluid 
in the restriction device is effective to counteract the bi- 
asing force of the biasing mechanism to move the gate 
toward the closed position. Further, the biasing mecha- 
nism can be adjustable to allow the biasing force to be 

30 adjusted, which in turn allows the one or more pre-set 
pressure limits of the fluid logic system to be set and/or 
adjusted. 

[0009] I n another embodiment, the one or more valves 
of the fluid logic system can be a check valve. The check 

35 valve can be configured to have a cracking pressure, 
which is a pressure at which the valve is configured to 
open or close to allow or prevent fluid flow between the 
reservoir(s) and the restriction device in response to a 
particular parameter, for example a pressure of fluid in 

40 the restriction device. In some embodiments, the check 
valve can have multiple cracking pressures. In an exem- 
plary embodiment, the fluid logic system includes two 
fluid reservoirs and two check valves, and further, the 
first check valve is coupled to a high pressure fluid res- 

45 ervoir and the second check valve is coupled to a low 
pressure fluid reservoir. The first and second check 
valves can have separate cracking pressures. When a 
pressure of fluid in the restriction device is less than the 
cracking pressure of the first check valve, the first check 

50 valve can be configured to open and release fluid from 
the high pressure fluid reservoir into the restriction de- 
vice. When a pressure of fluid in the restriction device 
increases to an amount equal to and/or greater than the 
cracking pressure of the first check valve, the checkvalve 

55 can be conf igu red to close to stop fluid flow from the high 
pressure fluid reservoir to the restriction device. Likewise, 
when a pressure of fluid in the restriction device is greater 
than the cracking pressure of the second check valve, 
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the second check valve can be configured to open and 
release fluid from the restriction device to the low pres- 
sure fluid reservoir. When a pressure of fluid in the re- 
striction device decreases to an amount equal to and/or 
less than the cracking pressure of the second check 
valve, the check valve can be configured to close to stop 
fluid flow from the restriction device to the low pressure 
fluid reservoir. In an exemplary embodiment, the check 
valve can be adjustable. For example, the cracking pres- 
sure of the check valve can be adjusted, for instance, by 
adjusting a pressure of fluid in the fluid reservoir(s) or by 
adjusting one ormore parameters of the adjustable check 
valve. In one embodiment, the check valve can be a mag- 
netic check valve. 

[0010] In addition to being able to incorporate a variety 
of valves, the fluid logic system can also incorporate a 
variety of fluid reservoirs. In one exemplary embodiment, 
the fluid reservoir can be a high pressure fluid reservoir. 
One example of such a high pressure fluid reservoir is 
an osmotic pump. In another embodiment, the high pres- 
sure fluid reservoir can include a chamber containing 
chemical reactants and configured to react to generate 
a high pressure. Further, the chamber can include a port 
configured to allow the chemical reactants to be altered 
to change the high pressure output of the fluid reservoir. 
Various types of reactants can be used, but in one em- 
bodimentthe resultant reaction is an exothermic reaction. 
[001 1] A method for maintaining a restriction in a path- 
way is also provided. In one exemplary embodiment, a 
restriction device can be implanted in a patient to form a 
restriction in a pathway such that the restriction in the 
pathway corresponds to an amount of fluid contained 
within the restriction device. A fluid logic system can be 
coupled to the restriction device and configured to regu- 
late an amount of fluid in the restriction device in response 
to a fluid pressure to thereby control the size of the path- 
way. In one embodiment, the fluid logic system can in- 
clude one ormorefluid reservoirs and one ormore valves 
coupled between the fluid reservoir(s) and the restriction 
device. The valves can be configured to regulate fluid 
flow between the reservoir(s) and the restriction device. 
One method for regulating the flow of fluid between the 
reservoir(s) and the restriction device is to configure the 
valve(s) to maintain a pressure of fluid in the restriction 
device within a pre-set pressure range. The pre-set pres- 
sure range can include a variety of different types of pres- 
sures, but in one exemplary embodiment the range in- 
cludes a minimum pre-set pressure and a maximum pre- 
set pressure. When a pressure of fluid in the restriction 
device is less than the minimum pre-set pressure, the 
valve(s) can be configured to open to allow fluidf lowfrom 
the fluid reservoir(s) to the restriction device. When a 
pressure of fluid in the restriction device is equal to and/or 
greater than the minimum pre-set pressure, the valve(s) 
can be configured to close to stop fluid flow from the fluid 
reservoir(s) to the restriction device. Likewise, when a 
pressure of fluid in the restriction device is greater than 
the maximum pre-set pressure, the valve(s) can be con- 



figured to open to allow fluid flow from the restriction de- 
vice to the fluid reservoir(s). When a pressure of fluid in 
the restriction device is equal to and/or less than the max- 
imum pre-set pressure, the valve(s) can be configured 

5 to close to stop fluid flow from the restriction device to 
the fluid reservoir(s). In one exemplary embodiment, the 
method can include adjusting the pre-set pressure range, 
for instance by adjusting a pressure of fluid in the fluid 
reservoir(s) or by adjusting one or more parameters of 

10 the valve(s). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 2] The invention will be more fully understood from 
15 the following detailed description taken in conjunction 
with the accompanying drawings, in which: 
[0013] FIG. 1 is a schematic diagram illustrating one 
exemplary embodiment of a restriction system having a 
fluid logic system for controlling fluid flow through the 
20 system; 

[001 4] FIG. 2 A is an illustration of the gastric restriction 
system of FIG. 1 implanted to form a restriction in a pa- 
tient's stomach; 

[0015] FIG. 2B is a perspective view of a gastric re- 
25 striction device and port of the gastric restriction system 
of FIGS. 1 and 2A; 

[0016] FIG. 3 is a schematic diagram illustrating one 

embodiment of a fluid logic system having a logic valve 

for regulating fluid flow; 
30 [0017] FIG. 4A is a perspective, partially transparent 

view of one exemplary embodiment of a logic valve for 

use with the fluid logic system of FIG. 3; 

[0018] FIG. 4B is a cross-sectional view of the logic 

valve of FIG. 4A, showing the valve in a first, open posi- 
35 tion; 

[0019] FIG. 4C is a cross-sectional view of the logic 
valve of FIG. 4A, showing the valve in a closed position; 
[0020] FIG. 4D is a cross-sectional view of the logic 
valve of FIG. 4A, showing the valve in a second, open 
40 position; 

[0021] FIG. 5 is a schematic diagram illustrating an- 
other embodiment of a fluid logic system having a regu- 
lator valve for regulating fluid flow; 
[0022] FIG. 6A is a cross-sectional view of one exem- 
45 piary embodiment of a regulator valve for use with the 
fluid logic system of FIG. 5; 

[0023] FIG. 6B is a perspective view of a portion of the 
regulator valve of FIG. 6A; 

[0024] FIG. 7 is a cross-sectional view of another ex- 
50 emplary embodiment of a regulator valve for use with the 
fluid logic system of FIG. 5; 

[0025] FIG. 8 is a schematic diagram illustrating yet 
another embodiment of a fluid logic system having a 
check valve for regulating fluid flow; 
55 [0026] FIG. 9A is a cross-sectional view of one exem- 
plary embodiment of a check valve for use with a fluid 
logic system in a closed position; 
[0027] FIG. 9B is a cross-sectional view of the check 
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valve of FIG. 9A in an opened position; 
[0028] FIG. 9C is a cross-sectional view of the check 
valve of FIG. 9A having an adjustment mechanism cou- 
pled thereto; 

[0029] FIG. 1 0A is a cross-sectional view of yet another 
exemplary embodiment of a check valve for use with a 
fluid logic system; 

[0030] FIG. 10B is a cross-sectional view of a check 
valve for use with a fluid logic system according to an- 
other embodiment; 

[0031] FIG. 1 1 A is a cross-sectional view of one em- 
bodiment of a high pressure fluid reservoir for use with 
a fluid logic system; 

[0032] FIG. 1 1 B is a cross-sectional view of another 
embodiment of a high pressure fluid reservoirfor use with 
a fluid logic system; 

[0033] FIG. 1 1 C is a cross-sectional view of yet anoth- 
er embodiment of a high pressure fluid reservoir for use 
with a fluid logic system; and 

[0034] FIG. 12 is a perspective view of another em- 
bodiment of a high pressure fluid reservoir for use with 
a fluid logic system. 

DETAILED DESCRIPTION 

[0035] Certain exemplary embodiments will now be 
described to provide an overall understanding of the prin- 
ciples of the structure, function, manufacture, and use of 
the devices and methods disclosed herein. One or more 
examples of these embodiments are illustrated in the ac- 
companying drawings. Those of ordinary skill in the art 
will understand that the devices and methods specifically 
described herein and illustrated in the accompanying 
drawings are non-limiting exemplary embodiments and 
that the scope of the present invention is defmed solely 
by the claims. The features illustrated or described in 
connection with one exemplary embodiment may be 
combined with the features of other embodiments. Such 
modifications and variations are intended to be included 
within the scope of the present invention. 
[0036] The present invention generally provides meth- 
ods and devices for regulating a restriction system. In 
one exemplary embodiment, as shown in FIG. 1, a re- 
striction system 1 0 is provided having a restriction device 
20 configured to receive fluid and to form a restriction in 
a pathway corresponding to an amount of fluid contained 
therein, at least one fluid reservoir, and a fluid logic sys- 
tem 30 coupled between the restriction device 20 and 
the at least one fluid reservoir. In the illustrated embod- 
iment, the system 10 includes a high pressure fluid res- 
ervoir 40 and a low pressure fluid reservoir 50, however 
the system can include any number of reservoirs having 
any pressure as may be needed, as will be discussed in 
more detail below. In use, the fluid logic system 30 is 
configured to regulate an amount of fluid in the restriction 
device in response to a fluid pressure acting thereon. 
The use of a fluid logic system to regulate a pressure of 
fluid in the restriction device 20 is particularly advanta- 



geous as it allows the system to be self-regulating, with- 
out the need for adjustments overtime as changes occur 
in the patient. The use of a fluid logic system is also par- 
ticularly advantageous as it can mechanically regulate 
5 the pressure of the restriction device without the use of 
any electrical components that may need to be powered 
to operate over extended periods of time. 
[0037] FIG. 2A illustrates the restriction system 1 0 im- 
planted to form a restriction in a patient's stomach 80. In 
10 the illustrated embodiment the restriction device 20 is a 
gastric restriction band that is positioned around the up- 
per portion of a patient's stomach 80, however the 
present invention can be used with virtually any restric- 
tion device. The illustrated restriction device 20 is shown 
15 in more detail in FIG. 2B, and as shown the restriction 
device 20 has a generally elongate shape with a support 
structure 22 having first and second opposite ends 20a, 
20b that can be secured to each other. Various mating 
techniques can be used to secure the ends 20a, 20b to 
20 one another. In the illustrated embodiment, the ends 20a, 
20b are in the form of straps that mate together, with one 
laying on top of the other. The gastric band 20 can also 
include a variable volume member, such as an inflatable 
balloon 24, that is disposed orformed on one side of the 
25 support structure 22, and that is configured to be posi- 
tioned adjacent to tissue. The balloon 24 can contain a 
variable amount of fluid that causes the balloon 24 to 
expand or contract against the outer wall of the stomach 
to form an adjustable stoma for controllably restricting 
30 food intake into the stomach. In use, the gastric restriction 
device 20 can be applied about the gastro-esophageal 
junction of a patient. As shown in FIG. 2 A, the restriction 
device 20 at least substantially encloses the upper por- 
tion of the stomach 80 near the junction with the esopha- 
35 gus. After the restriction device 20 is implanted, prefer- 
ably in the deflated configuration wherein the restriction 
device 20 contains little or no fluid, the restriction device 
20 can be inflated, e.g., using saline, to decrease the size 
of the stoma opening. A person skilled in the art will ap- 
40 preciate that various techniques, including those dis- 
closed herein, can be used to initially inflate and/or adjust 
the restriction device 20. 

[0038] A person skilled in the art will appreciate that 
the gastric band can have a variety of other configura- 
45 tions, moreover the various methods and devices dis- 
closed herein have equally applicability to other types of 
restriction devices. For example, bands are used for the 
treatment of fecal incontinence, as described in U.S. Pat. 
No. 6,461,292 which is hereby incorporated herein by 
50 reference in its entirety. Bands can also be used to treat 
urinary incontinence, as described in U.S. Patent Appli- 
cation No. 2003/0105385 which is hereby incorporated 
herein by reference in its entirety. Bands can also be 
used to treat heartburn and/or acid reflux, as disclosed 
55 in U.S. Pat. No. 6,470,892 which is hereby incorporated 
herein by reference in its entirety. Bands can also be 
used to treat impotence, as described in U.S. Patent Ap- 
plication No. 2003/01 1 4729 which is hereby incorporated 
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herein by reference in its entirety. 
[0039] As further shown in FIG. 2A, the fluid logic sys- 
tem 30, as well as any fluid reservoirs, e.g., reservoir 40 
and reservoir 50, coupled thereto can also be implanted 
in the patient. The particular location can vary as desired 
by the surgeon. In use, as indicated above, the logic sys- 
tem 30 can be configured to regulate a pressure of fluid 
in the restriction device 20 to thereby increase or de- 
crease an amount of restriction created by the restriction 
device 20. The fluid logic system 30 can have virtually 
any configuration that is effective to control fluid flow, but 
in certain exemplary embodiments the fluid logic system 
30 has a pre-set pressure limit, or a pre-set pressure 
range, that the fluid logic system 30 relies on to achieve 
a desired pressure in the restriction device 20. For ex- 
ample, the fluid logic system can define at least one pre- 
set pressure limit, and when a pressure of fluid in the 
restriction device is less than or greater than the pre-set 
pressure limit(s) the fluid logic system can allow fluid to 
flow between at least one fluid reservoir 40, 50 and the 
restriction device 20. The system can thus control an 
amount of fluid added into and/or removed from the re- 
striction device 20, thereby controlling an amount of re- 
striction that is formed by the restriction device 20. 
[0040] In one exemplary embodiment, the fluid logic 
system 30 can have a minimum pre-set pressure limit 
such that, when the pressure of the fluid in the restriction 
device drops below the minimum pre-set pressure limit 
(for example, due to patient weight loss), fluid is released 
from the fluid reservoir into the restriction device 20 to 
thereby increase the pressure in the restriction device 20 
(thereby increasing the amount of restriction) until the 
pressure is equal to or greater than the minimum pre-set 
pressure limit. In such an embodiment, the fluid reservoir 
is preferably the high pressure fluid reservoir 40, as the 
high pressure will force fluid to flow into the restriction 
device 20. Alternatively, or in addition, the fluid logic sys- 
tem 30 can have a maximum pre-set pressure limit such 
that, when the pressure of the fluid in the restriction de- 
vice 20 exceeds the maximum pre-set pressure limit (for 
example, due to a food blockage in the pathway), fluid is 
released from the restriction device 20 into the fluid res- 
ervoir to thereby decrease the pressure in the restriction 
device 20 (thereby decreasing the amount of restriction) 
until the pressure is equal to or less than the maximum 
pre-set pressure limit. In such an embodiment, the fluid 
reservoir is preferably the low pressure fluid reservoir 50, 
as the low pressure will allow fluid to flow from the re- 
striction device 20 into the reservoir 50. Having a pre-set 
pressure limit(s) is particularly advantageous as it allows 
for small variations in the pressure in the restriction de- 
vice 20, for example while the patient is eating, without 
continuously altering the fluid pressure in the restriction 
device, yet it is effective to maintain the pressure within 
a desired range to provide an amount of restriction nec- 
essary for the device to be effective. 
[0041] The maximum pre-set pressure limit and the 
minimum pre-set pressure limit can be defined based on 



various parameters of the system, and one or both of the 
limits can be fixed or adjustable. In one exemplary em- 
bodiment, the minimum pre-set pressure limit (hereinaf- 
ter P min ) is defined by the difference between the fluid 
5 pressure in the high pressure fluid reservoir (hereinafter 
P H ) and a first pressure (hereinafter created by a 
component of the fluid logic system. In other words, P min 
= P H - P v When the pressure of fluid in the restriction 
device (hereinafter P r ) is less than P mjn , the fluid logic 
10 system will allow fluid flow from the high pressure fluid 
reservoir to the restriction device. Conversely, when P r 
is less than or equal to P min , the fluid logic system will 
prevent fluid flow from the high pressure fluid reservoir 
to the restriction device. In another exemplary embodi- 
es ment, the maximum pre-set pressure limit (hereinafter 
P max ) is defmed by the sum of the fluid pressure in the 
low pressure fluid reservoir (hereinafter P L ) and a second 
pressure (hereinafter P 2 ) created by a component of the 
fluid logic system. In other words, P max = P L + P 2 . A 
20 person skilled in the art will appreciate that P-, and P 2 
can be different or they can be the same depending on 
the configuration of the logic system. When the pressure 
of fluid in the restriction device (hereinafter P r ) is greater 
than P max , the fluid logic system will allow fluid flow from 
25 the restriction device into the low pressure fluid reservoir. 
Conversely, when P r is less than or equal to P max , the 
fluid logic system will preventfluidflowfrom the restriction 
device into the low pressure fluid reservoir. A person 
skilled in the art will appreciate that the logic system can 
30 be used to control fluid flow from a high pressure fluid 
reservoir and/or fluid flow into a low pressure fluid reser- 
voir. Moreover, the pre-set pressure limit can be fixed or 
adjustable on the high pressure side and/orthe low pres- 
sure side. 

35 [0042] The fluid reservoir(s) 40, 50 used with the fluid 
logic system 30 can have various configurations, and the 
system 1 0 can include any number of reservoirs. For ex- 
ample, the fluid reservoir(s) 40, 50 can be in the form of 
a housing that is coupled to the fluid logic system 30 by 
40 a catheter or other connector, or they can be a housing 
or chamber formed within the system 30. The fluid res- 
ervoirs) 40, 50 could also be the human body. In an 
exemplary embodiment, as previously indicated, one of 
the reservoirs is a high pressure fluid reservoir 40 and 
45 the other reservoir is a low pressure fluid reservoir 50. 
The high pressure fluid reservoir 40 can be, for example, 
a housing that is effective to contain a fluid under a high 
pressure. The high pressure can be generated using var- 
ious techniques known in the art, including various tech- 
no niques disclosed herein and discussed in more detail be- 
low. The low pressure fluid reservoir 50 can likewise be 
a housing that is effective to contain fluid, but in an ex- 
emplary embodiment the low pressure fluid reservoir is 
the patient's body. A catheter or other pathway can ex- 
55 tend from the fluid logic system 30 to a location in the 
body where it is desirable to release fluid. 
[0043] FIG. 2A further illustrates an injection port 60 
that can optionally be provided to allow fluid or other ma- 
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terials to be introduced into and/or removed from various 
components of the system, such as the restriction device 
20, one or more of the fluid reservoirs 40, 50, or the logic 
system 30 itself. The injection port 60 can be implanted 
at a location within the body that is accessible through 
the tissue. Typically, injection ports are positioned in the 
lateral subcostal region of the patient's abdomen under 
the skin and layers of fatty tissue. Surgeons also typically 
implant injection ports on the sternum of the patient. The 
particular configuration of the injection port 60 can vary, 
but typically injection ports include a housing that is con- 
figured to be anchored to tissue, and a septum formed 
in the housing and adapted to receive a delivery device 
therethrough and to provide access to the system. The 
illustrated injection port 60 is shown in more detail in FIG. 
2B. Again, a person skilled in the art will appreciate that 
virtually any injection port 60 known in the art can be 
used with the system, or that the system can be used 
without any injection port 60. 

[0044] As indicated above, various fluid logic systems 
known in the art can be used to regulate a pressure of 
fluid in a restriction device. FIG. 3 illustrates one exem- 
plary fluid logic system 1 30 that utilizes a fluid logic valve 
132. In general, the logic valve 132 includes a first port 
134 that is in fluid communication with a restriction device 
120, and one or more additional ports that are in com- 
munication with one or more fluid reservoirs. In the illus- 
trated embodiment, the logic valve 1 32 includes a second 
port 136 that is in fluid communication with a high pres- 
sure fluid reservoir 140, and a third port 138 that is in 
fluid communication with a low pressure fluid reservoir 
1 50. The valve 1 32 is configured to move in response to 
changes in pressure of the fluid in the restriction device 
120. While the fluid from the restriction device 120 can 
be in direct communication with the valve 132 to act on 
the valve 132, FIG. 3 illustrates a transfer mechanism 
142 for transferring a force F RD of the fluid from the re- 
striction device 1 20 to the valve 1 32. 1 n order to allow the 
valve 132 to counteract any forces F RD received by the 
fluid pressure of the restriction device 120 acting thereon, 
the valve 1 32 can also include a biasing mechanism 1 44 
that applies a counteracting biasing force F s to the valve 
1 32. The force F s applied to the valve 1 32 by the biasing 
mechanism 144 defines the pre-set pressure limits. In 
particular, the biasing mechanism 144 will define a min- 
imum pre-set pressure limit at which the valve 132 will 
open to allow fluid to be added to the restriction device 
120 from the high pressure fluid reservoir 140, as well 
as a maximum pre-set pressure limit at which the valve 
132 will open to allow fluid to be released from the re- 
striction device 120 into the low pressure fluid reservoir 
150. As further shown in FIG. 3, the system can also 
optionally include an injection port 1 60that is in fluid com- 
munication with the system 130 to allow fluids to be in- 
troduced into and/or removed from the system 130. 
[0045] In use, in an initial position, as shown, the sec- 
ond and third ports 136, 138 are closed such that fluid 
flow is prevented between the second and third ports 



136,138 and the first port 1 34. The restriction device 1 20 
applies the force F RD to the valve 132, and the biasing 
mechanism 144 applies the counterforce F s to the valve 
132 to maintain the valve 132 ata substantial equilibrium. 
5 In this position, the force F RD applied to the valve 1 32 by 
the fluid in the restriction device 120 is within the pre-set 
pressure range, i.e., greater than the minimum pre-set 
pressure limit and less than the maximum pre-set pres- 
sure limit. When the pressure in the restriction device 
120 changes, the valve 132 will move in response. For 
example, when the pressure of fluid in the restriction de- 
vice 1 20 decreases below the minimum pre-set pressure 
limit, such as due to patient weight loss, the biasing force 
F s of the biasing mechanism 144 will be greater than the 
force F RD applied to the valve 132 by the fluid in the 
restriction device 120, and thus the valve 132 will move 
to the left. As a result, the valve 132 will move to a first 
opened position, in which a fluid pathway 156 is formed 
between the first port 1 34 and the second port 1 36. This 
will allowfluid toflowfromthe high pressurefluid reservoir 
1 40 into the restriction device 1 20, thus increasing a pres- 
sure offluidinthe restriction device 120. As the pressure 
increases, the force F RD applied to the valve 132 by the 
fluid in the restriction device 120 will overcome the bias- 
ing force F s to move the valve 1 32 back toward the right. 
When the force F RD applied to the valve 1 32 by the fluid 
in the restriction device 1 20 reaches or exceeds the min- 
imum pre-set pressure limit, the valve 132 will return to 
the initial position, thus preventing any further fluid flow 
from the high pressure fluid reservoir 1 40 into the restric- 
tion device 120. Conversely, when the pressure of fluid 
in the restriction device 120 increases to an amount 
greater than the maximum pre-set pressure limit, for ex- 
ample when a patient is eating, the force F RD applied to 
the valve 1 32 by the fluid in the restriction device 1 20 will 
be greaterthan the biasing force F s applied by the biasing 
mechanism 1 44, and thus the valve 1 32 will move to the 
right. As a result, the valve 132 will move to a second 
opened position, in which a fluid pathway 158 is formed 
between the first port 1 34 and the third port 1 38. This will 
allow fluid to flow from the restriction device 1 20 into the 
low pressure fluid reservoir 150, thus decreasing a pres- 
sure of fluid in the restriction device 1 20. While notshown, 
a fluid pathway can also optionally be formed between 
the first port 1 34 and the second port 1 36 when the valve 
132 is in the second opened position. However, such a 
pathway would preferably include a one-way valve that 
would allow fluid to flow into the high pressure fluid res- 
ervoir 140 and would prevent fluid flow from the high pres- 
sure fluid reservoir 140 into the restriction device 120. 
As fluid is released from the restriction device 120 and 
the pressure decreases, the biasing force F s applied to 
the valve 132 by the biasing mechanism 144 will over- 
come the force F RD applied to the valve 1 32 by the fluid 
in the restriction device 120 to move the valve 132 back 
toward the left. When the force F RD applied to the valve 
132 by the fluid in the restriction device 120 is equal to 
orlessthan the maximum pre-set pressure limit, the valve 



15 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP 2 074 971 A1 



14 



1 32 will return to the initial position, thus preventing any 
further fluid flow from the restriction device 120 into the 
low pressure fluid reservoir 150. 

[0046] FIGS. 4A-4D illustrate one exemplary embodi- 
ment of a logic valve 232. As shown, the valve 232 gen- 
erally includes a seal and/or piston 248 that is movably 
disposed within a housing 246. In the illustrated embod- 
iment the piston 248 and housing 246 are cylindrical, 
however the piston 248 and housing 246 can have var- 
ious shapes. The housing 246 can include multiple ports 
formed therein and extending into an inner lumen 252 
containing the piston 248. As shown, the housing 246 
includes a first port 234 formed in a terminal end thereof, 
and second and third ports 236, 238 formed in a sidewall 
thereof. The second and third ports 236, 238 are spaced 
a distance apart from one another along a longitudinal 
axis of the housing 246. While the ports can be coupled 
to various components of the system, in an exemplary 
embodiment the first port 234 is in fluid communication 
with a restriction device, the second port 236 is in fluid 
communication with a high pressure fluid reservoir, and 
a third port 238 is in fluid communication with a low pres- 
sure fluid reservoir. The piston 248, which is disposed 
within the inner lumen 252, can be configured to control 
fluid flow between the ports. In an exemplary embodi- 
ment, as shown, the piston 248 has an outer diameter 
L 0D that is less than an inner diameter LID of the inner 
lumen 252 such that a gap G is formed between the piston 
248 and the housing 246. This gap will allow fluid flow 
therethrough. In orderto control the direction offluidflow, 
the piston 248 can also include one or more o-rings 254 
or similar surface features formed thereon. The o-rings 
254 can be spaced along a longitudinal axis L P of the 
piston 248 and they can be positioned to limit fluid flow 
from each port to a particular region within the gap G. In 
order to allow fluid communication between the ports, 
the piston 248 can also include one or more pathways 
formed therethrough. In the illustrated embodiment, the 
piston 248 includes a first pathway 256 that is configured 
to extend from a region in fluid communication with the 
second port 236 (high pressure fluid reservoir) to a region 
in fluid communication with the first port 234 (restriction 
device), and a second pathway 258 that is configured to 
extendfrom a region in fluid communication with thethird 
port 238 (low pressure fluid reservoir) to a region in fluid 
communication with the first port 234 (restriction device). 
The first and second pathways 256, 258 can also be con- 
figured such that movement of the piston 248 along its 
longitudinal axis L P within the lumen will selectively po- 
sition the pathways 256, 258 in line with the ports. In 
particular, the piston 248 can have an initial position, as 
shown in FIG. 4B, in which the first and second pathways 
256, 258 are misaligned with the regions in fluid commu- 
nication with the second and third ports 236, 238. The o- 
rings 254 will preventfluidfromthe second andthird ports 
236, 238 from flowing into the areas in fluid communica- 
tion with the pathways 256, 258. The piston 248 can be 
movable to a first opened position, shown in FIG. 4C, in 



which the first pathway 256 is aligned with the region in 
fluid communication with the second port 236 (high pres- 
sure fluid reservoir), but the second pathway 258 is mis- 
aligned with the region in fluid communication with the 

5 third port 238 (low pressure fluid reservoir). Such posi- 
tioning can allow fluid to flow from the high pressure fluid 
reservoir, through the second port 236, through the first 
pathway 256, and out the first port 234 where the fluid is 
delivered to the restriction device. The o-rings 254 sur- 

10 rounding the third port 238 can prevent fluid from the third 
port 238 from flowing into the areas in fluid communica- 
tion with the first and second pathways 256, 258. The 
piston 248 can also be movable to a second opened po- 
sition, as shown in FIG. 4D, in which the second pathway 

15 258 is aligned with the region in fluid communication with 
the third port 238 (low pressure fluid reservoir), but the 
first pathway 256 is misaligned with the region in fluid 
communication with the second port 236 (high pressure 
fluid reservoir). Such positioning can allow fluid from the 

20 restriction device to flow into the first port 234, through 
the second pathway 258, and out of the third port 238 
where it is delivered to the low pressure fluid reservoir. 
The o-rings 254 surrounding the second port 236 can 
prevent fluid from the second port 236 from flowing into 

25 the areas in fluid communication with the first and second 
pathways 256, 258. 

[0047] As further shown in FIGS. 4A-4D, the logicvalve 
232 can also include a biasing mechanism 244 that is 
coupled to the piston 248 and that is effective to bias the 

30 piston 248 i n a direction approximately opposite to a force 
F RD that is applied to the piston 248 by fluid contained 
within the restriction device. In particular, since the first 
port 234 is in fluid communication with the restriction de- 
vice, and the first port 234 is formed in a terminal end of 

35 the housing 246, fluid from the restriction device will be 
in contact with the terminal end of the piston 248 located 
adjacent to the first port 234. The fluid in the restriction 
device will thus apply the force F RD to the piston 248. 
The biasing mechanism 244 can counteract this force 

40 with a force F s . The two forces F RD , F s will thus control 
movement of the piston 248. The biasing mechanism 244 
can have a variety of configurations, but in the illustrated 
embodiment the biasing mechanism 244 is in the form 
of a coil spring that biases the piston 248 toward the first 

45 port 234. As further shown, the biasing mechanism 244 
can also be adjustable. For example, the housing 246 
can include a screw274 disposed in a terminal end there- 
of and coupled to one end of the biasing mechanism 244. 
Rotation of the screw 274 can be effective to lengthen 

50 and/orshorten the biasing mechanism 244, thus increas- 
ing and/or decreasing the force F s applied by the biasing 
mechanism 244 to the piston 248. In other embodiments, 
the biasing mechanism 244 could be af luid-filled bladder, 
such as a compressible bellows, and the bladder can 

55 optionally include a port to allow fluid to be introduced 
into and removed therefrom to adjust a force that the 
bladder applies to the piston 248. 
[0048] I n use, the biasing mechanism 244 defines the 
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minimum and maximum pre-set pressure limits. The min- 
imum pre-set pressure limit is the pressure at which, 
when the pressure of the fluid in the restriction device 
drops below, the piston 248 moves to the first opened 
position (i.e., moves to the left) to allow fluid to flow from 
the high pressure fluid reservoir into the restriction de- 
vice. The maximum pre-set pressure limit is the pressure 
at which, when the pressure of the fluid in the restriction 
device rises above, the piston 248 moves to the second 
opened position (i.e., moves to the right) to allow fluid to 
flow from the restriction device into the low pressure fluid 
reservoir. 

[0049] A person skilled in the art will appreciate that 
other components of the logic valve 232 can be altered 
to define the maximum and minimum pressure limits. For 
example, the geometry of the piston 248 can be adjusted 
to change the maximum and minimum pressure limits. 
In the illustrated embodiment, if the third port 238 were 
to be positioned further to the right, the maximum and 
minimum pressure limits would then correspond to dif- 
ferent lengths of the biasing mechanism 244. 
[0050] FIG. 5 illustrates another exemplary embodi- 
ment of a fluid logic system 330 for use in a restriction 
system 310. In this embodiment, the fluid logic system 
330 utilizes a regulator valve 332. Similar to the valves 
discussed earlier, the regulator valve 332 is coupled be- 
tween a restriction device 320 and at least one fluid res- 
ervoir. In the illustrated embodiment, there are two fluid 
reservoirs, a high pressure fluid reservoir 340 and a low 
pressure fluid reservoir350, but any number of reservoirs 
having any pressure can be used. Generally, the regu- 
lator valve 332 is configured to move in response to 
changes in pressure of the fluid in the restriction device 
320. Pressures created by components of the regulator 
valve 332 can operate against the pressure of the fluid 
in the restriction device 320 such that when the pressures 
are substantially the same, the regulator valve 332 is 
closed, and when the pressures are different, the regu- 
lator valve 332 is opened. Moreover, the components of 
the regulator valve 332 can define pre-set pressure limits, 
such as the pressure at which the regulator valve 332 
willopentoallowfluidto be added to the restriction device 
320fromthe high pressurefluid reservoir340 (aminimum 
pre-set pressure limit), and the pressure at which the 
regulator valve will open to allow fluidto be releasedfrom 
the restriction device 320 into the low pressure fluid res- 
ervoir 350 (a maximum pre-set pressure limit). The reg- 
ulator valve 332 can be self-regulating, without the need 
for adjustments overtime as changes occur in the patient, 
and it can regulate the pressure of the restriction device 
320 mechanically without the use of any electrical com- 
ponents that may need to be powered to operate over 
extended periods of time. The restriction system 31 0 can 
also optionally include an injection port 360 that operates 
similar to the injection port 60 of restriction system 10. 
As explained with respect to injection port 60, a person 
skilled in the art will appreciate that virtually any injection 
port known in the art can be used with the system 310, 



or that the system 310 can be used without any injection 
port. 

[0051] FIGS. 6A and 6B illustrate one exemplary em- 
bodiment of a regulator valve 432. The regulator valve 

5 432 generally includes a beam assembly 448 that is mov- 
ably disposed in a housing 446 having multiple ports 
formed therein. The housing 446 can have a variety of 
shapes and sizes, but in the illustrated embodiment the 
housing 446 is substantially cylindrical. The housing 446 

10 can be configured to contain a fluid that is used in con- 
junction with the regulatorvalve 432 and its various com- 
ponents. As shown, a first port 434 is formed in a terminal 
end of the housing 446 and a second port 436 is formed 
in a sidewall thereof. While the ports can be coupled to 

15 various components of the system, in an exemplary em- 
bodiment the first port 434 is in fluid communication with 
a restriction device and the second port 436 is in fluid 
communication with a high pressure fluid reservoir. Fluid 
flow between the ports can be controlled by the beam 

20 assembly 448, which can have a variety of configura- 
tions. In the illustrated embodiment the beam assembly 
448 includes a deflectable beam 452 that is coupled to 
a seal 454 that is effective to control the flow of fluid 
through the second port 436 (high pressure fluid reser- 

25 voir). The deflectable beam 452 is configured to be acted 
on by a pressure of fluid from the first port 434 (restriction 
device) and to alter a position of the seal 454 with respect 
to the second port 436 in response to pressure changes. 
Movement of the deflectable beam 452 can be translated 

30 to the seal 454 by a transfer mechanism, such as the 
illustrated bar 456. As shown, the bar 456 is mated on 
one end to the seal 454, extends outside of the housing 
446, and is mated on the opposite end to the beam 452. 
Bushings 458 can optionally be used to assist movement 

35 of the transfer mechanism relative to the housing 446. 
The transfer mechanism can have a variety of different 
geometries capable of mechanically translating move- 
ment of one object to another object, and further, while 
in the illustrated embodiment the bar 456 extends outside 

40 of the housing 446, in other embodiments the bar 456 
can be completely disposed within the housing 446. 
[0052] While the housing 446 can include any number 
of chambers in the illustrated exemplary embodiment the 
housing 446 includes two chambers 445, 447 in fluid 

45 communication with each other. The first chamber 445 
can include the first and second ports 434, 436, the seal 
454 for the second port 436, and a portion of the bar 456, 
and the second chamber 457 can include the deflectable 
beam 452, another portion of the bar 456, andthe biasing 

50 mechanism 444. An aperture 449, or other means for 
transferring fluid from one location to another, such as a 
pipe, can be located between the first and second cham- 
ber 445, 447 to allow the fluid to flow between the first 
and second chambers 445, 447. This allows fluid from 

55 the first port 434 (restriction device) to communicate with 
the beam, thus allowing the beam to respond to changes 
in fluid pressure from the first port 434 (restriction device). 
[0053] In order to allow the deflectable beam 452 to 
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respond to a pressure of fluid from the first port 434 (re- 
striction device), and based on that pressure adjust a 
position of the seal 454, in one exemplary embodiment 
the deflectable beam 452 can be bistable. The beam 452 
can move between a first position, in which the beam 452 
is substantially straight, as shown in FIG. 6A, and a sec- 
ond position, in which the beam 452 buckles. When the 
beam 452 is in the first position, the seal 454 remains in 
a closed position to prevent the flow of fluid through the 
second port 436 (high pressure fluid reservoir) into the 
first chamber 445 and into the first port 434 (restriction 
device). However, when the beam 452 is in the second 
position (notshown), the buckling of the beam 452 allows 
the seal 454 to open the second port 436 and thus allow 
fluid to flow from the second port 436 (high pressure fluid 
reservoir), into the first chamber 445, and into the first 
port 434 (restriction device). The deflectable beam 452 
can be configured in a variety of shapes and sizes, but 
in an exemplary embodiment the beam 452 includes one 
or more laminates 453 that are conducive to bistable 
buckling. The illustrated embodimentshows asingle lam- 
inate 453 forming a top layer on the deflectable beam 
452. Such a configuration facilitates buckling of the beam 
in a downward direction only. In other embodiments a 
laminate can be located on a bottom portion of the de- 
flectable beam 452, on both a top and bottom portion of 
the beam 452, or can be disposed intermittently within 
and outside of the beam 452. In an exemplary embodi- 
ment, the laminate 453 is thin and made of parylene. In 
one embodiment the laminate is approximately in the 
range of 0.001 to 0.01 0 millimeters thick. The beam 452 
is capable of buckling because of the various forces act- 
ing on the beam 452, which will be described in more 
detail below. 

[0054] As indicated above, a biasing mechanism 444 
is coupled to the deflectable beam 452 and, in conjunc- 
tion with the laminate 453, is effective to bias the deflecta- 
ble beam 452 into a predictable buckled configuration. 
This biasing force resulting from the biasing mechanism 
444 is preferably applied in a direction approximately op- 
posite to a direction of a force that is applied to the beam 
452 by fluid from the first port 434 (restriction device). In 
particular, because the first port 434 is in fluid communi- 
cation with both the restriction device and the second 
chamber 447 (via the first chamber 445 and the aperture 
449), and the second chamber 447 is where the deflecta- 
ble beam 452 is located, the fluid in the restriction device 
surrounds the beam 452 to apply a force to the deflecta- 
ble beam 452 to bias the beam 452 to the straight con- 
figuration shown in FIG. 6A. The biasing mechanism 444 
can counteract this force, and together the two forces 
can control movement of the deflectable beam 452. The 
forces will be discussed in more detail below with respect 
to FIG. 6B. The biasing mechanism 444 can have a va- 
riety of configurations, but in the illustrated embodiment 
the biasing mechanism 444 is in the form of a fluid-filled 
bladder, e.g. a compressible bellows, that biases the de- 
flectable beam 452 into the buckled configuration. Fur- 



ther, the biasing mechanism 444 can also be adjustable. 
For example, the biasing mechanism 444 can include a 
port 474 to allow fluid to be introduced into the biasing 
mechanism 444 and removed therefrom to adjust the 

5 force that the biasing mechanism 444 applies to the de- 
flectable beam 452. The system can also optionally in- 
clude a second biasing mechanism that is effective to 
help bias the seal 454 to the closed position and the de- 
flectable beam 452 to the straight configuration. As illus- 

10 trated, the second biasing mechanism is a spring 476 
coupled to both the bar 456 and the housing 446. The 
spring 476 can be adjustable to change the pre-set pres- 
sure limit(s). 

[0055] In use, the biasing mechanism 444 defines the 
15 minimum and maximum pre-set pressure limits. As illus- 
trated by FIG. 6B, these pre-set pressure limits, along 
with other pressures that result from various forces acting 
on the beam 452, work together to operate the regulator 
valve 432, and more particularly, deflect and straighten 
20 the deflectable beam 452. A pre-set pressure P SET re- 
sulting from a force of the biasing mechanism 444 acts 
on a proximal surface of the beam 452 to apply an ap- 
proximate downward force on the beam 452. Even 
though as illustrated the biasing mechanism 444 is cou- 
25 pled to a side of the beam 452 and thus a force of the 
biasing mechanism 444 acting on the beam can be di- 
rected in an approximately horizontal direction, the lam- 
inate 453 allows the force being supplied by the biasing 
mechanism 444 to be directed in an approximately ver- 
so tical direction. As a result, the biasing mechanism 444 
biases the beam 452 to the buckled configuration, which 
in an exemplary embodiment is in a direction opposite 
the location of the laminate 453. Meanwhile, a pressure 
P F resulting from a force of the fluid from the first port 
35 434 (restriction device) acts on the remaining exposed 
sides of the beam 452, i.e. in the illustrated approximate 
upward direction and on both sides of the beam 452, thus 
biasing the beam 452 to the straight configuration. 
[0056] The minimum pre-set pressure limit is the pres- 
to sure at which, when the pressure of the fluid in the re- 
striction device drops below, the deflectable beam 452 
moves from the first straight position to the second buck- 
led position (i.e., buckles in the approximate downward 
direction) to allow fluid to flow from the second port 436 
45 (high pressure fluid reservoir) to the first port 434 and 
into the restriction device to increase a pressure of the 
fluid in the restriction device. In other words, when the 
pressure P F applied by the force of the fluid from the 
restriction device drops below the pressure P SET applied 
50 by the force of the biasing mechanism 444, the beam 
452 buckles. Buckling movement of the deflectable beam 
452 in the approximate downward direction causes the 
bar 456 and the seal 454 coupled thereto to move in the 
approximate downward direction, thus opening the port 
55 436 (high pressure fluid reservoir). Fluid flow from the 
high pressure reservoir into the restriction device will in- 
crease a pressure of the fluid in the restriction device. 
Once the pressure of the fluid of the restriction device is 
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equal to or greater than the minimum pre-set pressure 
limit, the forces applied to the deflectable beam 452 by 
the fluid acting thereon from the restriction device will 
cause the beam 452 to straighten back to the first posi- 
tion. In other words, once the pressure P F applied by the 
force of the fluid from the restriction device is equal to or 
greater than the pressure P SET applied by the force of 
the biasing mechanism 444, the beam 452 will straighten. 
As a result, the bar456 will be pulled upward, thus moving 
the seal 454 to the closed position, thereby preventing 
the flow of fluid through the second port 436 (high pres- 
sure fluid reservoir). 

[0057] The regulator valve 432 can also have a max- 
imum pre-set pressure limit that can be controlled byway 
of a valve disposed between a low-pressure fluid reser- 
voir and the restriction device. Although many different 
types of valves can be used, including the valves dis- 
closed herein, in an exemplary embodiment the valve is 
a checkvalve. The check valve can be configured to open 
to evacuate fluid from the restriction device when the 
maximum pre-set pressure limit is exceeded. Once the 
pressure of the fluid of the restriction device is less than 
or equal to the maximum pre-set pressure, the check 
valve can be closed. 

[0058] A person skilled in the art will appreciate that 
other embodiments of a regulator valve like the regulator 
valve 432 can include multiple reservoirs, including a low- 
pressure reservoir, more than two ports, multiple seals, 
multiple beams, and multiple transfer mechanisms to 
translate movement of one or more beams to one or more 
seals. Similarly, in other embodiments a deflectable 
beam can be adapted to move between more than two 
positions. For example, a deflectable beam can include 
a construction that allows it to be adapted to deflect in 
an approximate upward direction. A person skilled in the 
art will likewise appreciate that such a design implanting 
bistable beam elements can be implemented using mi- 
croelectricalmechanical systems (MEMS) or thin film 
manufacturing techniques. 

[0059] FIG. 7 illustrates another embodiment of a reg- 
ulator valve 532 for use in a fluid logic system 530. In this 
embodiment, the fluid logic system 530 generally in- 
cludes a regulator valve 532 coupled to a high pressure 
fluid reservoir 540 and configured to regulate a flow of 
fluid from the fluid reservoir 540 to a restriction device. 
More particularly, the regulator valve 532 generally in- 
cludes a chamber546 and a gate 548 extending between 
the chamber 546 of the regulator valve 532 and the fluid 
reservoir 540. Both the fluid reservoir 540 and the cham- 
ber 546 of the regulator valve can have a variety of 
shapes and sizes, but in the illustrated embodiment both 
are substantially cylindrical. Neither has to be the same 
shape or size. As further shown, in one embodiment, the 
chamber 546 can extend substantially perpendicular to 
the fluid reservoir 540. Both the fluid reservoir 540 and 
the chamber546 can have fluid, such as saline, disposed 
therein. 

[0060] Varioustechniquescanbeusedtoformthe high 



pressure fluid reservoir 540, but in one embodiment, as 
shown, the fluid reservoir 540 can include a spring 542 
coupled to a piston 541 such that the spring-piston com- 
bination provides a force F SP to pressurize the fluid in 
5 the reservoir 540. In one embodiment the spring 542 can 
be a compression spring. A first port 534 can be located 
at a terminal end of the fluid reservoir 540 and can be in 
communication with a restriction device. Fluid flow be- 
tween the fluid reservoir 540 and the restriction device 
10 can be controlled by the gate 548, which as illustrated is 
at least partially disposed in the fluid reservoir 540. 
[0061 ] The gate 548 can have a variety of shapes and 
sizes that allow it to be configured to move in the fluid 
reservoir 540 and the chamber 546 of the regulator valve 
15 532 to regulate the flow of fluid from the fluid reservoir 
540 to the restriction device. In an exemplary embodi- 
ment, the gate 548 is configured to move between an 
opened position (not shown), in which fluid in the fluid 
reservoir 540 is free to flow through the first port 534 and 
20 into the restriction device, and a closed position (illustrat- 
ed in FIG. 7), in which the gate 548 prevents fluid in the 
fluid reservoir 540 from flowing through the first port 534 
and into the restriction device. In the illustrated embodi- 
ment, a portion of the gate 548 is slidably disposed within 
25 the chamber 546 and a second portion of the gate 548 
extends into and across the fluid reservoir 540. The gate 
548 thus separates the spring 542 and a significant por- 
tion of the fluid reservoir 540 from the first port 534, thus 
acting as a barrier between the high pressure fluid and 
30 the first port 534. 

[0062] I n order to allow movement of the gate 548 be- 
tween the opened and closed positions, a biasing mech- 
anism 544 can be coupled to the gate 548 and can be 
effective to bias the gate 548 to one of the opened and 
35 closed positions. While the biasing mechanism 544 can 
be a variety of mechanisms capable of biasing the gate 
548 toward the opened or closed position, in the illustrat- 
ed embodiment the biasing mechanism 544 is a tension 
spring that provides a force F s to biases the gate 548 
40 toward the opened position (to the right as shown). In 
order to counteract this force, a second port 536 can be 
located in a sidewall of the chamber 546 and it can be in 
fluid communication with the restriction device. The sec- 
ond port 536 allows fluid in the restriction device to apply 
45 a force F RD to the gate 548 that is operable to counteract 
the force F s , and thus biases the gate 548 toward the 
closed position (to the left as shown). 
[0063] In use, the biasing mechanism 544 defines the 
minimum pre-set pressure limit. The minimum pre-set 
50 pressure limit is the pressure at which, when the pressure 
of the fluid in the restriction device drops below, the gate 
548 moves to the opened position (i.e., moves to the 
right) to allow fluid to flow from the high pressure fluid 
reservoir 540, through the first port 534, and into the re- 
55 striction device. This movement occurs because the 
pressure exerted by the force F s of the biasing mecha- 
nism 544 exceeds the pressure of the force F RD of the 
fluid of the restriction device, and thus the pressure from 
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the force F s of the biasing mechanism 544 can move the 
gate 548 toward the opened position to allow fluid to flow 
into the restriction device to increase the pressure. Once 
the pressure of the fluid in the restriction device is equal 
to or greater than then minimum pre-set pressure, the 
gate 548 can move to the closed position (i.e., moves to 
the left) to restrict further flow of fluid from the fluid res- 
ervoir 540, through the first port 534, and into the restric- 
tion device. This movement occurs because the force F s 
of the biasing mechanism 544 no longer exceeds the 
force F RD of the fluid of the restriction device, and thus 
the force F RD of the fluid in the restriction device pushes 
the gate 548 toward the closed position. In a preferred 
embodiment, the effect of the pressure from the fluid res- 
ervoir 540 on the gate 548 is negligible when compared 
to the effect of the pressure from the fluid from the re- 
striction device and/orthe biasing mechanism 544 on the 
gate 548. 

[0064] The regulator valve 532 can also have a max- 
imum pre-set pressure limit that can be controlled byway 
of a valve disposed between a low-pressure fluid reser- 
voir and the restriction device and/or the chamber 546. 
Although many different types of valves can be used, 
including the valves disclosed herein, in an exemplary 
embodiment the valve is a check valve. The check valve 
can be configured to open to evacuate fluid from the re- 
striction device when the maximum pre-set pressure limit 
is exceeded. Once the pressure of the fluid of the restric- 
tion device is less than or equal to the maximum pre-set 
pressure, the check valve can be closed. 
[0065] As further shown in FIG. 7, an adjustment 
mechanism 572 can optionally be coupled to the biasing 
mechanism 544 and it can be configured to change the 
pre-set pressure limit of the biasing mechanism 544. The 
adjustment mechanism 572 can have a variety of con- 
figurations, but in the illustrated embodiment the adjust- 
ment mechanism 572 is in the form of a fluid-filled blad- 
der, e.g. a compressible bellows. The adjustment mech- 
anism 572 can include an adjustment port 576 to allow 
fluid to be introduced into the adjustment mechanism 572 
and removed therefrom to assist in changing the force 
F s of the biasing mechanism 544. Byway of further non- 
limiting example, another adjustment mechanism that 
can be used is ascrewcoupledtothe biasing mechanism 
544. Rotation of the screw can be effective to increase 
and/or decrease a force applied by the screw to the bi- 
asing mechanism 544, which in turn changes the force 
F s of the biasing mechanism 544 applied to the gate 548. 
A person skilled in the art will also appreciate that the 
biasing mechanism 544 can have particular characteris- 
tics that can be adjusted to change the force F s of the 
biasing mechanism 544. For example, in embodiments 
where the biasing mechanism 544 is a spring, a spring 
constant or a length of the spring can be adjusted to 
change the pre-set pressure limits. 
[0066] In yet another aspect, the fluid logic system can 
utilize a check valve. FIG. 8 illustrates one exemplary 
configuration for a fluid logic system 610 containing a 



check valve. In this embodiment, the system includes 
first and second check valves 632, 633, however a per- 
son skilled in the art will appreciate that the check valves 
632, 633 can be part of the same valve construct, or that 

5 they can be separate valve constructs. As shown, the 
system 610 generally includes the first check valve 632 
coupled to a first fluid reservoir 640 and operable to reg- 
ulate a flow of fluid between the first fluid reservoir 640 
and a restriction device 620, and the second check valve 

10 633 coupled to a second fluid reservoir 650 and operable 
to regulate a flow of fluid between the restriction device 
620 and the second fluid reservoir 650. In an exemplary 
embodiment, the first fluid reservoir 640 can be a high 
pressure fluid reservoir and the first check valve 632 can 

15 be configured to start and stop a flow of fluid from the 
high pressure fluid reservoir to the restriction device 620 
based on one or more designated parameters. Further, 
the second fluid reservoir 650 can be a low pressure fluid 
reservoir and the second check valve 633 can be con- 

20 figured to start and stop a flow of fluid from the restriction 
device 620 to the low pressure fluid reservoir based on 
one or more designated parameters. In an exemplary 
embodiment, the first check valve 632 has a minimum 
pre-set pressure limit and the second check valve 633 

25 has a maximum pre-set pressure limit. The pre-set pres- 
sure limits are also referred to as the cracking pressures 
of the valves. Accordingly, when a pressure of the fluid 
in the restriction device 620 drops below the minimum 
pre-set pressure limit, the first check valve 632 moves 

30 from a closed position to an opened position to allow fluid 
to be released from the first fluid reservoir 640 into the 
restriction device 620 to thereby increase the pressure 
in the restriction device 620. When the pressure is equal 
to or greater than the minimum pre-set pressure limit, the 

35 first check valve 632 moves from the opened position 
back to the closed position. Likewise, when the pressure 
of the fluid in the restriction device 620 exceeds the max- 
imum pre-set pressure limit, the second check valve 633 
moves from a closed position to an opened position to 

40 allow fluid to be released from the restriction device 620 
into the second fluid reservoir 650 to thereby decrease 
the pressure in the restriction device 620. When the pres- 
sure is equal to or less than the maximum pre-set pres- 
sure limit, the second check valve 633 moves from the 

45 opened position back to the closed position. The check 
valves 632, 633 can be self-regulating without the need 
for adjustments overtime as changes occur in the patient, 
and further they can regulate the pressure of the restric- 
tion device 620 mechanically without the use of any elec- 

50 trical components that may need to be powered to oper- 
ate overextended periods of time. The restriction system 
61 0 can also optionally include an injection port 660 that 
operates similar to the injection port 60 of the restriction 
system 10. As explained above, a person skilled in the 

55 art will appreciate that virtually any injection port known 
in the art can be used with the system 610, or that the 
system 610 can be used without any injection port. 
[0067] FIGS. 9A and 9B illustrate one exemplary em- 
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bodiment of a check valve 732. As shown, the check 
valve 732 includes a plug 734 configured to move be- 
tween a closed position, illustrated in FIG. 9A in which 
the plug 734 prevents fluid from flowing between a fluid 
reservoir 740 and a restriction device 720, and an opened 5 
position, illustrated in FIG. 9B in which the plug 734 allows 
fluid to flow between the fluid reservoir 740 and the re- 
striction device 720. Movement of the plug between the 
closed and opened positions can result from forces acting 
on the plug 734 at both a proximal end 734p and a distal 10 
end 734d of the plug 734. While the forces acting at either 
end of the plug 734 can depend on the particular config- 
uration of the check valve and related components, in 
the illustrated embodiment forces acting on the proximal 
end 734p can include a force F RD in the approximate is 
downward direction caused by fluid in the fluid reservoir 
740 and a force F s in the approximate upward direction 
caused by a biasing mechanism 744 coupled to the plug 
734. As shown, the biasing mechanism 744 is configured 
to bias the plug 734 in the approximate upward direction, 20 
and is thus configured to bias the plug 734 to the closed 
position. When the pressure in the restriction device 720 
changes, the check valve 732 will move in response. For 
example, when the pressure of fluid in the restriction de- 
vice 720 decreases belowthe minimum pre-set pressure 25 
limit, such as due to patient weight loss, a biasing force 
F s of the biasing mechanism 744 (in the approximate 
upward direction) will be greater than a force F RD applied 
to the valve 732 by the fluid in the restriction device 720 
(in the approximate downward direction), and thus the 30 
valve 732 will move toward the opened position (in the 
approximate downward direction). This will allow fluid to 
flow from the fluid reservoir 740 into the restriction device 
720, thus increasing a pressure of fluid in the restriction 
device 720. As the pressure increases, the force F RD 35 
applied to the valve 732 by the fluid in the restriction de- 
vice 720 will overcome the biasing force F s to move the 
valve 732 back toward the closed position (in the illus- 
trated upward direction). 

[0068] The biasing mechanism 744 can include any 40 
number of components configured to bias the plug 734 
in a desired direction, but in the illustrated embodiment 
the biasing mechanism 744 is a spring coupled to the 
plug 734 at one end of the spring and to a force-receiving 
plate 746 at a second end of the spring. The force-re- 45 
ceiving plate 746 can have various configurations that 
allow the force created by the fluid from the fluid reservoir 
740 to be transferred to the proximal end 734p of the plug 
734. Additionally, the biasing mechanism 744 can be re- 
movable and/or adjustable to change the amount of force 50 
acting on the plug 734. Changing the amount of force 
exerted by the biasing mechanism 744 on the plug 734 
allows a pre-set pressure limit, for example a minimum 
pre-set pressure and/or a maximum pre-set pressure, to 
be adjusted for the check valve 732. As the pre-set pres- 55 
sure limits are adjusted, the plug 734 can be set to move 
to the opened and closed position at different desired 
pre-set pressures. When the biasing mechanism is a 



spring, the pre-set pressure limit can be changed by 
changing the type of spring that is used, which can at 
least change the spring constant, and/or changing the 
length of the spring that is used. An exemplary technique 
for changing the length of the biasing mechanism 744 
when the check valve 732 is already implanted is illus- 
trated in FIG. 9C. In this embodiment, the check valve 
732 includes a fluid bladder, such as a bellows 772, cou- 
pled to the force-receiving plate 746. In use, adding or 
removing fluid from the bellows 772 changes a height of 
the force-receiving plate 746, which in turn changes the 
amount of force applied by the biasing mechanism 744 
to the plug 734. Changing the amount of force applied 
by the biasing mechanism 744 to the plug 734 allows the 
point at which the plug 734 moves to the opened position 
or the closed position to be adjusted. Fluid can be added 
or removed from the bellows 772 in a number of manners 
to adjust a length of the biasing mechanism 744, and 
t h ere by adj ust th e pre -set pressure I imit(s), but preferably 
it is done non-invasively. 

[0069] I n addition to changing the pre-set pressure limit 
(s) or cracking pressure(s) of the check valve 732 to affect 
the point at which the check valve 732 opens and closes, 
another way to affect the point at which the check valve 
732 opens and closes is to change the pressure of the 
fluid flowing from the reservoir 740 to the check valve 
732. For example, while in the illustrated embodiments 
the pressure of the fluid in the fluid reservoir 740 may 
decrease as the check valve 732 opens and closes, in 
another embodimentthe fluid reservoircan be a constant 
pressure reservoir such that the pressure of the fluid in 
the reservoir remains substantially constant during and 
after the opening and closing of the check valve 732. 
Alternatively, the fluid reservoir can be coupled to a con- 
stant pressure reservoir such that, even though the fluid 
reservoir does not maintain a constant pressure on its 
own, the constant pressure reservoir is capable of main- 
taining a constant pressure in the fluid reservoir. 
[0070] A person having ordinary skill in the art will rec- 
ognize that even though FIGS. 9A-9C are discussed with 
respect to fluid flowing from the fluid reservoir 740 and 
into the restriction device 720, the teachings are equally 
applicable to a system that has a check valve disposed 
between a fluid reservoir and a restriction device where 
the check valve is configured to open and close to allow 
fluid to flow out of the restriction device and into the fluid 
reservoir. 

[0071] FIGS. 10A and 10B illustrate other exemplary 
embodiments of a check valve 832, 832'. In the embod- 
iment shown in FIG. 10A, the check valve 832 includes 
a gasket magnet 848 and a set-point magnet 849 dis- 
posed in a chamber 846 and configured to control a flow 
of fluid between a fluid reservoir and a restriction device. 
The chamber 846 can have a variety of shapes and sizes, 
but in the illustrated embodimentthe chamber 846 is sub- 
stantially cylindrical. The chamber 846 can include any 
number of ports formed therein. As shown, the chamber 
846 includes a first port 834 formed in a first end thereof 
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and a second port 836 formed in a sidewall thereof. While 
the ports can be coupled to various components of the 
system, in an exemplary embodiment the first port 834 
is in fluid communication with a fluid reservoir and the 
second port 836 is in fluid communication with a restric- 
tion device. 

[0072] The gasket magnet 848 and the set-point mag- 
net 849 can be configured in a number of ways to control 
the flow of fluid between the first port 834 (fluid reservoir) 
and the second port 836 (restriction device). As illustrat- 
ed, the magnets 848, 849 can be disposed in the chamber 
846 with opposing poles facing each other, thus repelling 
each other, and can be adapted to slide therein. In an 
exemplary embodiment, the gasket magnet 848 is slid- 
able to open and close the first port 834 (fluid reservoir) 
and thus can have a seal 854 coupled to a left side there- 
of. The gasket magnet 848 can be effective to move be- 
tween a closed position, in which the seal 854 occludes 
the first port 834 to prevent fluid from the fluid reservoir 
from flowing into the chamber 846 or the restriction de- 
vice, and an opened position, in which the seal 854 is 
spaced apart from the first port 834 to allow fluid from 
the fluid reservoir to flow through the first port 834, into 
the chamber 846, and then into the second port 836 (re- 
striction device). In alternative embodiments, the gasket 
magnet 848 itself can serve as the seal. While a location 
of the gasket magnet 848 can change as a result of sliding 
between the opened and closed positions, generally the 
gasket magnet 848 is located between the first and sec- 
ond ports 834, 836. Further, the gasket magnet 848 is 
preferably sized and shaped to allowfluid to flow between 
the fluid reservoir and the restriction device. In particular, 
as shown, the gasket magnet 848 is sized to be smaller 
than the chamber 846 so that a pathway allows the fluid 
to travel from the first port 834 (fluid reservoir) to the 
second port 836 (restriction device). Although in the il- 
lustrated embodiment the pathway is disposed below the 
gasket magnet 848, the pathway can be disposed above 
or even through the gasket magnet 848. 
[0073] While the gasket magnet 848 slides between 
closed and opened positions, the set-point magnet 849 
can remain in a fixed position. The fixed position of the 
set-point magnet 849 can, however, be slidably adjust- 
able to adjust the pre-set pressure limits, as discussed 
in more detail below. Even though the set-point magnet 
849 can be slidably adjustable, the set-point magnet 849 
preferably remains spaced apart from the gasket magnet 

848 and located to the right of the second port 836. Unlike 
the gasket magnet 848, the set-point magnet can be 
sized and shaped to prevent fluid from flowing from one 
side of the magnet 849 to the other. In particular, as 
shown, the set-point magnet 849 is sized to generally fit 
between two sidewalls of the chamber 846. Alternatively, 
rather than sizing and/or shaping the set-point magnet 

849 to prevent the flow of fluid from one side of the set- 
point magnet 849 to the other, a force-receiving plate 
configured to both translate a biasing force discussed in 
more detail below to the set-point magnet 849 and pre- 



vent the flow of fluid from one side of the set-point magnet 
849 to the other can be coupled to the right side of the 
set-point magnet 849. 

[0074] Various forces can act on each of the gasket 
5 magnet 848 and the set-point magnet 849 to assist with 
the control of fluid flow from the first port 834 (fluid res- 
ervoir) to the second port 836. In the illustrated embod- 
iment, because the magnets 848, 849 have opposing 
poles facing each other, a force F SM to the left acts on 
10 the gasket magnet 848 and a force F GM to the right acts 
on the set-point magnet 849. The gasket magnet 848 
can also have at least two additional forces acting on it: 
a force F FR from the fluid of the fluid reservoir and a force 
F RD from the fluid from the restriction device. The force 
15 f rd from tne flu ' d °f tne restriction device can also act 
on the set-point magnet 849. 

[0075] In use, the set-point magnet 849 defines the 
minimum pre-set pressure limit. The minimum pre-set 
pressure limit is the pressure at which, when the pressure 

20 of the fluid in the restriction device drops below, the gas- 
ket magnet 848 moves to the opened position (i.e., moves 
to the right) to allow fluid to flow from the first port 834 
(fluid reservoir), through the second port 836, and into 
the restriction device. This movement occurs because 

25 the pressure exerted by the force F FR of the fluid reservoir 
exceeds the pressure of the combined forces F RD of the 
fluid of the restriction device and F SM of the set-point 
magnet 849, and thus the pressure from the force F FR 
of the fluid reservoir can move the gasket magnet 848 

30 toward the opened position to allow the pressure of the 
fluid of the restriction device to increase. Once the pres- 
sure of the fluid of the restriction device is equal to or 
greater than the minimum pre-set pressure, the gasket 
magnet 848 can move to the closed position (i.e., moves 

35 to the left) to restrict further flow of fluid from the first port 
834 (fluid reservoir), through the second port 836, and 
into the restriction device. This movement occurs be- 
cause the pressure resulting from the force F FR of the 
fluid reservoir no longerexceeds the pressure of the com- 

40 bine forces F RD of the fluid of the restriction device and 
F SM of the set-point magnet 849, and thus the pressure 
from the combined forces F RD of the fluid of the restriction 
device and F SM of the set-point magnet 849 push the 
gasket magnet 848 toward the closed position. 

45 [0076] The check valve 832 can also have a maximum 
pre-set pressure limit that can be controlled by way of a 
second valve disposed between a low-pressure fluid res- 
ervoir and the restriction device and/or the chamber 846. 
Although many different types of valves can be used, 

50 including the valves disclosed herein, in an exemplary 
embodiment the second valve is a second check valve. 
The second check valve can be configured to open to 
evacuate fluid from the restriction device when the max- 
imum pre-set pressure limit is exceeded. Once the pres- 

55 sure of the fluid of the restriction device is less than or 
equal to the maximum pre-set pressure, the second 
check valve can be closed. 

[0077] In another embodiment, the force F SM of the 



14 



27 



EP 2 074 971 A1 



28 



set-point magnet 849 can be adjustable. Adjusting the 
force F SM of the set-point magnet 849 can likewise adjust 
the pre-set pressure limit because of the effect of the 
force F SM of the set-point magnet 849 on the gasket mag- 
net 848. Generally, the closer the set-point magnet 849 
is to the gasket magnet 848, the greater the force F SM is 
that acts on the gasket magnet 848. One way to change 
the amount of force acting on the gasket magnet 848 is 
to change various properties of either or both of the gas- 
ket and set-point magnets 848, 849 themselves by, for 
example, using a different material or adjusting the size. 
In the illustrated embodiment, the force F SM of the set- 
point magnet 849 can be adjusted by a biasing mecha- 
nism. As shown, the biasing mechanism is a fluid dis- 
posed to the right of the set-point magnet 849. The cham- 
ber 846 can include a third port 838 formed in a second 
end of the chamber 846 and configured to receive a fluid. 
The fluid can generally be incompressible. Adjustment 
of an amount or type of fluid in the chamber 846 to the 
right of the set-point magnet 849 can subsequently adjust 
a position of the set-point magnet 849. For example, in 
the illustrated embodiment, adding fluid via the third port 
838 increases a force F F applied to the set-point magnet 
849 acting to the left as illustrated, which in turn causes 
the set-point magnet 849 to move closer to the gasket 
magnet 848. Moving the set-point magnet 849 close to 
the gasket magnet 848 subsequently increases the force 
F SM acting on the gasket magnet 848. Further, biasing 
mechanisms such as expandable bladders, springs, and 
screws, as discussed with respect to other embodiments, 
can also be incorporated into the design of the check 
valve 832 to adjust the pre-set pressure of the system. 
Likewise, similar to the other described check valve sys- 
tem, the pressure of the fluid in the fluid reservoir can 
also be adjusted, or made constant, to adjust the pre-set 
pressure of the check valve 832. 
[0078] In another embodiment of a check valve 832', 
shown in FIG. 1 0B, the valve 832' is similar to the check 
valve 832 shown in FIG. 1 0A except that the location of 
the set-point magnet 849' is fixed in the chamber 846'. 
Accordingly, a third port 838', which is configured to ad- 
just a pre-set pressure of the check valve 832', is dis- 
posed in a sidewall of the chamber 846' between the 
gasket magnet 848' and the set-point magnet 849'. The 
embodiment illustrated in FIG. 10B is also different than 
the embodiment illustrated in FIG. 1 0A because the gas- 
ket magnet 848' is not generally sized and shaped to 
allow fluid to flow from one side of the gasket magnet 
848' to the other. This is because, as illustrated, there is 
no space between the chamber 846' and the gasket mag- 
net 848' or in the gasket magnet 848' itself. Accordingly, 
the second port 836' is disposed to the left of the gasket 
magnet 848' so that when the gasket magnet 848', which 
can include a seal 854', moves to an opened position, 
fluid can flow from the first port 834' (fluid reservoir) to 
the second port 836' (restriction device). 
[0079] The forces created by the parameters related 
to the set-point magnet 849' can be adjusted in many of 



the same ways as discussed with respect to the set-point 
magnet 849 of FIG. 1 0A. Because this illustrated embod- 
iment is a bit different though, while adding fluid to the 
system through the third port 838' does adjust the pre- 

5 set pressure, it does so without moving the set-point mag- 
net 849'. Rather, to adjust the pre-set pressure, in one 
embodiment a desired amount of diamagnetic or para- 
magnetic fluid can be introduced or removed from the 
chamber 846' between the gasket and set-point magnets 

10 848', 849' to respectively increase or decrease the effec- 
tive magnetic force between the two magnets 848', 849', 
which in turn adjusts a force F SM acting on the gasket 
magnet 848' in the illustrated approximate left direction. 
Further, because this embodiment is a bit different than 

15 the embodiment illustrated in FIG. 1 0A, the forces acting 
on the gasket magnet 848' and the set-point magnet 849' 
are also a bit different. As illustrated, the forces acting 
onthegasketmagnet848'inan approximate left direction 
include aforce F FR caused by fluidfromthefluid reservoir 

20 and a force F RD caused by fluid from the restriction de- 
vice, and the forces acting in an approximate right direc- 
tion include the force F SM resulting from the set-point 
magnet and a force F F caused by the fluid introduced 
through the third port 838'. As further illustrated, the forc- 
es es acting on the set-point magnet 849' in an approximate 
right direction include aforce F GM resulting from the gas- 
ket magnet and a force F F caused by the fluid introduced 
through the third port 838', and a force acting in an ap- 
proximate left direction includes a force F w of a wall of 

30 the check valve 832'. 

[0080] A person having ordinary skill in the art will rec- 
ognize that even though FIGS. 10A and 10B are dis- 
cussed with respect to a fluid flowing from the first port 
834, 834' (fluid reservoir), through the second port 836, 

35 836', and into the restriction device, the teachings are 
equally applicable to a system that has a check valve 
disposed between a fluid reservoir and a restriction de- 
vice where the check valve is configured to open and 
close to allow fluid to flow out of the restriction device 

40 and into the fluid reservoir. Further, a person skilled in 
the art will also recognize that, although directed to a 
magnetic check valve, the teachings can also be applied 
to the fluid reservoir to regulate the flow of fluid from the 
reservoir to the check valve, or alternatively, in instances 

45 where multiple fluid reservoirs are coupled together, be- 
tween the multiple fluid reservoirs. 
[0081] As previously indicated, the various fluid logic 
systems disclosed herein can include a high pressure 
fluid reservoir and various techniques can be used to 

50 generate a high pressure within a fluid reservoir. In fact, 
as discussed with respect to the magnetic check valves, 
many of the embodiments and techniq ues discussed with 
respect to adjusting and regulating the flow of check 
valves can also be applied to adjusting and controlling 

55 the flow of fluid into and/or out of one or more fluid res- 
ervoirs. By way of further non-limiting example, FIGS. 
1 1 A-11 C illustrate various embodiments of high pressure 
fluid reservoirs. In particular, the illustrated high pressure 
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fluid reservoirs are configured to release and absorb 
heat, gas, or other products resulting from one or more 
chemical reactions to control an amount of fluid flow from 
the high pressure fluid reservoirs to other components 
of a restriction system, such as valves, restriction devic- 
es, and fluid reservoirs. 

[0082] In the illustrated embodiment of FIG. 11 A, the 
high pressure fluid reservoir 940 generally includes a 
housing 942 with multiple ports formed therein, a chem- 
ical reaction chamber 944, a fluid chamber containing 
fluid adapted for use in a restriction device, such as sa- 
line, and an expandable bladder 948 disposed between 
the two chambers 944, 946. In one embodiment the ex- 
pandable bladder 948 is filled with a substance having a 
defined volume-temperature function, such as air. Op- 
tionally, a transfer element 950 can be coupled to the 
expandable bladder. The transfer element 950 can be 
configured to transfer forces, temperatures, or other pa- 
rameters from the chemical reaction chamber 944 to the 
expandable bladder 948. 

[0083] The housing 942 can have a variety of shapes 
and sizes, but in the illustrated embodiment the housing 
942 is substantially cylindrical. As shown, a first port 952 
is formed in a first end of the housing 942 and a second 
port 954 is formed in a second end thereof. While the 
ports can be coupled to various components of the sys- 
tem, in an exemplary embodiment the first port 952 is 
configured to receive one or more chemicals for use in 
chemical reactions and the second port 954 is in fluid 
communication with a valve or other component of a re- 
striction system. In some embodiments, depending on 
the chemical reaction (s) used, the first port can be ex- 
cluded, for instance if access to the chemical reaction 
chamber 944 is not needed for the operation of the high 
pressure fluid reservoir 940. Fluid flow from the fluid 
chamber 946 to the valve is controlled, at least in part, 
by chemical reaction(s) performed in the chemical reac- 
tion chamber 944. At least a portion of the resulting prod- 
uct of the chemical reaction(s) can adjust a force applied 
by the expandable bladder 948 to the fluid chamber 946, 
which in turn adjusts an amount of fluid flowing from the 
fluid chamber 946 to the valve or other component of a 
restriction system. In a preferred embodiment, the chem- 
ical reaction(s) are reversible, and thus the same fluid 
chamber 946 can be used to both increase and decrease 
the rate and/or amount of fluid flowing from the fluid 
chamber 946 to the valve or other component of a re- 
striction system. 

[0084] Chemical reaction (s) are generally initiated in 
one of two ways. In one method, one or more chemicals 
disposed in the chemical reaction chamber 944 can be 
selected such that the reaction is not instantaneous and 
thus the results of the reaction can occur at some point 
after the introduction of the chemicals into the chemical 
reaction chamber 944. In another method, one or more 
chemicals can be added to the chemical reaction cham- 
ber 944 through the first port 952 to cause a desired 
chemical reaction. In an exemplary embodiment, all of 



the chemicals needed to generate the desired chemical 
reaction are disposed in the chemical reaction chamber 
944 except one, and the last chemical is added via the 
first port 952 to begin the desired chemical reaction. A 
5 person skilled in the art will recognize that any number 
of chemicals can be used in the chemical reaction cham- 
ber 944 and any number can be added to the chemical 
reaction chamber 944, depending at least in part on the 
chemical reaction involved and the desired result. The 
10 desired chemical reaction can be effective to move the 
expandable bladder 948, which in turn affects the flow of 
fluid from the fluid chamber 946 to the valve or other 
components of a restriction system. For example, the 
resulting reaction can be an exothermic reaction, which 
15 releases heat thus causing the expandable bladder 948 
to expand and apply additional force to the fluid in the 
fluid chamber 946. This results in an increase in the 
amount of fluid flowing out of thefluid chamber 946, which 
can also increase the amount of force and pressure being 
20 applied to the valve or other component of a restriction 
system, depending on the other components of the sys- 
tem. An example of an exothermic reaction that can work 
in such an embodiment includes mixing water with strong 
acids. Similarly, an endothermic reaction, which absorbs 
25 heat, can also be used. An endothermic reaction can 
cause the expandable bladder 948 to contract and thus 
apply less force to the fluid in the fluid chamber 946 than 
before the endothermic reaction, which in turn results in 
a decrease of the amount of fluid flowing out of the fluid 
30 chamber 946, or alternatively causes fluid to flow into the 
chamber 946. An endothermic reaction can also de- 
crease the amount of force and pressure being applied 
to the valve or other component of a restriction system 
coupled to the second port 954. Chemical reactions are 
35 not limited to just exothermic and endothermic reactions 
however. Many othertypes of reactions can also be used 
to increase or decrease an amount of force applied to 
fluid disposed i n the fluid chamber 946. Often times these 
reactions can produce by-products, such as gas. The 
40 release of gas and other products can cause the pressure 
within the chemical reaction chamber 944 to increase, 
which in turn increases a force applied to the expandable 
bladder 948. One example of a gas releasing reaction 
that can be used is NaHC0 3 + HCL-> NaCI + H 2 0 +C0 2 . 
45 a second example of a gas releasing reaction that can 
be used is a combination of XC0 3 and an acid. 
[0085] The embodiment shown in FIG. 11B is similar 
to FIG. 1 1 A except that it includes multiple chemical re- 
action chambers and more than two ports. As shown, the 
50 housing 942' can include first, second, and third ports 
952', 954', and 956', respectively, formed therein. Fur- 
ther, an expandable bladder 948' can be disposed in the 
housing 942' and can separate afluid chamber 946' from 
first and second chemical reaction chambers 944', 945'. 
55 in one embodiment the expandable bladder 948' is filled 
with a substance having a defined volume-temperature 
function, such as air. Further, a transfer element 950' can 
optionally be coupledtothe expandable bladder948' and 
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configured to transfer forces, temperatures, or other pa- 
rameters from the chemical reaction chambers 944', 945' 
to the expandable bladder 948'. 

[0086] Each of the ports 952', 954', 956' can be cou- 
pled to various components of the system, but in the il- 
lustrated embodimentthe second port954' is in fluid com- 
munication with a valve or other component of a restric- 
tion system such that fluid from the fluid chamber 946' 
can move between the fluid chamber 946' and the valve 
or other components of the restriction system. Further, 
the first port 952' is configured to receive one or more 
chemicals for use in chemical reactions in the first chem- 
ical reaction chamber 944' and the third port 956' is con- 
figured to receive one or more chemicals for use in chem- 
ical reactions in the second chemical reaction chamber 
945'. Optionally, a gate 951' can be disposed between 
the first and second chemical reaction chambers 944', 
945' to allow for communication between the chambers 
944', 945' and/or the ports 952', 956'. In some embodi- 
ments, depending on the chemical reaction(s) used, the 
first and third ports 952', 956' can be excluded, for in- 
stance if access to the chemical reaction chambers 944', 
945' is not needed for the operation of the high pressure 
fluid reservoir 940'. Further, in an exemplary embodi- 
ment, each chemical reaction chamber 944', 945' can be 
configured for a different type of reaction. For example, 
in instances where an exothermic reaction is used to ex- 
pand the expandable bladder 948' and an endothermic 
reaction is used to contract the expandable bladder 948', 
the first chemical reaction chamber 944' can be config- 
ured for exothermic reactions and the second chemical 
reaction chamber945'can be configuredfor endothermic 
reactions. This embodiment is advantageous because 
non-reversible chemical reactions can be easily used in 
the chemical reaction chambers 944', 945'. Use of the 
high pressure fluid reservoir 940' is similar to use of the 
high pressure fluid reservoir 940 illustrated in FIG. 11 A, 
and thus the same principles can be applied to this em- 
bodiment. 

[0087] FIG. 1 1 C illustrates yet another embodiment of 
a high pressure fluid reservoir 940" that is similar to the 
embodiment illustrated in FIG. 11 A, however the chem- 
ical reaction chamber 944" is an expandable bladder. As 
shown, a first port 952" is formed on a proximal end of 
the housing 942" and provides access to the chemical 
reaction chamber 944", i.e. the expandable bladder, and 
a second port 954" is formed on a terminal end of the 
housing 942" and is in fluid communication with a valve 
or other component of a restriction system. Similarto the 
high pressure fluid reservoir 940 of FIG. 1 1 A, the chem- 
ical reaction(s) can generally be initiated in one of two 
ways, with the first method not requiring the addition of 
any further chemicals via the first port 952", as described 
earlier, and the second method requiring the addition of 
at least one chemical through the first port 952 to gener- 
ate a desired chemical reaction. Likewise, use of the high 
pressure fluid reservoir 940" is similar to use of the high 
pressure fluid reservoir 940 discussed with respect to 



FIG. 1 1 A, and thus the same principles can be applied 
to this embodiment. By way of non-limiting example, in 
one exemplary embodiment a chemical is added to the 
chemical reaction chamber 944" that results in a gas re- 

5 leasing reaction. The release of gas causes the chemical 
reaction chamber 944 to expand, which in turn increases 
the amount of the flow of fluid flowing out of the fluid 
chamber 946". This can also increasethe amount of force 
and pressure being applied to the valve or other compo- 
se nents of the restriction system, depending on the other 
components of the system coupled thereto. 
[0088] FIG. 12 illustrates yet another non-limiting ex- 
ample of a high pressure fluid reservoir for use in a fluid 
logic system, such as the systems disclosed herein. As 

15 shown, an osmotic pump 1 040 is provided and generally 
includes a housing 1 042 with a first end having a semi- 
permeable membrane 1 044 and a second end having an 
exit port 1 044. The housing 1 042 can include an osmotic 
chamber 1 046 (sometimes referred to as an osmotic en- 

20 gine) having an osmotic substance, such as a salt-like 
solution, contained therein. The housing 1042 can also 
include a piston 1 048 and a fluid 1 050 disposed therein. 
In the illustrated embodiment, the osmotic chamber 1 046 
is located adjacent to the semi-permeable membrane 

25 1 044, the fluid 1050 is located adjacent to the exit port 
1 044, and the piston 1048 is disposed between the os- 
motic chamber 1046 and the fluid 1050. In use, an os- 
motic fluid can permeate through the semi-permeable 
membrane to cause a reaction in the osmotic chamber 

30 1 046, thereby actuating the piston 1 048 to push the fluid 
1050 from the housing 1042 out of the osmotic pump 
1 040 through the exit port 1 044. Forexample, the osmotic 
fluid can enter the osmotic chamber 1046 and can ex- 
pand the salt-like solution contained therein. Expansion 

35 of the salt-like solution in the osmotic chamber 1 046 can 
cause a force F Q to be applied on the piston 1 048, which 
in turn can cause the piston to move toward the exit port 
1 044 in the direction of the force F Q . Such movement of 
the piston 1048 can subsequently cause the fluid 1050 

40 to push toward the exit port 1044 and exit the osmotic 
pump 1040 as a high pressure fluid. The amount and 
rate of the fluid 1050 flowing through the exit port 1044 
can be regulated using various techniques known in the 
art. 

45 [0089] A person skilled in the art will recognize that 
although the teachings related to the embodiments in 
FIGS. 1 1 A-1 1 C and FIG. 1 2 are directed to use in a high 
pressure fluid reservoir, the teachings can also be used 
in devices that regulate the flow of fluid from a fluid res- 

50 ervoirto a restriction device, such as a valve, or alterna- 
tively, can be used directly with restriction devices to ex- 
pand or contract the restriction device. Moreover, various 
othertechniques known in the art for creating a high pres- 
sure fluid reservoir can be used. 

55 [0090] To the extent that any of the fluid logic systems, 
high pressure fluid reservoirs, other devices and sys- 
tems, and/or components thereof incorporate springs or 
other mechanical components that can be adjusted to 
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provide different dimensions or properties (such as 
spring constants), a person skilled in the art will appre- 
ciate that changes to many of the properties and dimen- 
sions will affect the performance of the respective fluid 
logic systems, high pressure fluid reservoirs, other de- 5 
vices and systems, and/or components thereof. Accord- 
ingly, even if changes to these types of components are 
not discussed above, such changes could be incorporat- 
ed into many of the fluid logic systems, high pressure 
fluid reservoirs, other devices and systems, and/or com- 10 
ponents thereof to affect the desired performance of 
each. 

[0091] A person skilled in the art will appreciate that 
the present invention has application in conventional en- 
doscopic and open surgical instrumentation as well ap- is 
plication in robotic-assisted surgery. 
[0092] The devices disclosed herein can be designed 
to be disposed of after a single use, or they can be de- 
signed to be used multiple times. In either case, however, 
the device can be reconditioned for reuse after at least 20 
one use. Reconditioning can include any combination of 
the steps of disassembly of the device, followed by clean- 
ing or replacement of particular pieces, and subsequent 
reassembly. In particular, the device can be disassem- 
bled, and any number of the particular pieces or parts of 25 
the device can be selectively replaced or removed in any 
combination. Upon cleaning and/or replacement of par- 
ticular parts, the device can be reassembled for subse- 
quent use either at a reconditioning facility, or by a sur- 
gical team immediately prior to a surgical procedure, so 
Those skilled in the art will appreciate that reconditioning 
of a device can utilize a variety of techniques for disas- 
sembly, cleaning/replacement, and reassembly. Use of 
such techniques, and the resulting reconditioned device, 
are all within the scope of the present application. 35 
[0093] Preferably, the invention described herein will 
be processed before surgery. First, a new or used instru- 
ment is obtained and if necessary cleaned. The instru- 
ment can then be sterilized. 

In one sterilization technique, the instrument is placed in 40 
a closed and sealed container, such as a plastic orTY- 
VEK bag. The container and instrument are then placed 
in a field of radiation that can penetrate the container, 
such as gamma radiation, x-rays, or high-energy elec- 
trons. The radiation kills bacteria on the instrument and 45 
in the container. The sterilized instrument can then be 
stored in the sterile container. The sealed container 
keeps the instrument sterile until it is opened in the med- 
ical facility. 

[0094] It is preferred that device is sterilized. This can 50 
be done by any number of ways known to those skilled 
in the art including beta or gamma radiation, ethylene 
oxide, steam. 

[0095] One skilled in the art will appreciate further fea- 
tures and advantages of the invention based on the 55 
above-described embodiments. Accordingly, the inven- 
tion is not to be limited by what has been particularly 
shown and described, except as indicated by the append- 



ed claims. All publications and references cited herein 
are expressly incorporated herein by reference in their 
entirety. 

[0096] The following is a non-exhaustive list of embod- 
iments of the invention that may be claimed in this appli- 
cation or in subsequently filed divisional applications: 

Embodiment 1 : A self-regulating restriction system, 
comprising: 

a restriction device configured to receive fluid and to 
form a restriction in a pathway corresponding to an 
amount of fluid contained therein; and 
a fluid logic system coupled to the restriction device 
and configured to regulate an amount of fluid in the 
restriction device in response to a fluid pressure act- 
ing thereon. 

Embodiment 2: The system of embodiment 1 , where- 
in the fluid logic system includes at least one fluid 
reservoir and at least one valve coupled between 
the at least one fluid reservoir and the restriction de- 
vice. 

Embodiment 3: The system of embodiment 2, where- 
in the fluid logic system defines at least one pre-set 
pressure limit, and when a pressure of fluid in the 
restriction device is less than or greater than the at 
least one pre-set pressure limit the at least one valve 
moves from a closed to an opened position to allow 
fluid to flow between the at least one fluid reservoir 
and the restriction device. 

Embodiment 4: The system of embodiments, where- 
in the at least one fluid pressure fluid reservoir com- 
prises a high pressure fluid reservoir in fluid commu- 
nication with the restriction device, and the at least 
one pre-set pressure limit comprises a minimum pre- 
set pressure limit, and wherein when the pressure 
of fluid in the restriction device is less than the min- 
imum pre-set pressure limit the at least one valve is 
configured to open to allow fluid flow from the high 
pressure fluid reservoir into the restriction device. 
Embodiment 5: The system of embodiments, where- 
in the at least one fluid pressure fluid reservoir com- 
prises a low pressure fluid reservoir in fluid commu- 
nication with the restriction device, and the at least 
one pre-set pressure limit comprises a maximum 
pre-set pressure limit, and wherein when the pres- 
sure of fluid in the restriction device is greater than 
the maximum pre-set pressure limit the at least one 
valve is configured to open to allow fluid flow from 
the restriction device into the low pressure fluid res- 
ervoir. 

Embodiment 6: The system of embodiments, where- 
in the pre-set pressure limit includes a maximum pre- 
set pressure limit and a minimum pre-set pressure 
limit, and wherein the at least one valve is configured 
to open to release fluid from the at least one reservoir 
into the restriction device when the pressure of fluid 
in the restriction device is less than the minimum pre- 
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set pressure limit, and the at least one valve is con- 
figured to open to release fluid from the restriction 
device into the at least one reservoir when the pres- 
sure of fluid in the restriction device is greater than 
the maximum pre-set pressure limit. 5 
Embodiment 7: The system of embodiment 6, where- 
in the at least one fluid pressure fluid reservoir com- 
prises a high pressure fluid reservoir in fluid commu- 
nication with the restriction device and a low pres- 
sure fluid reservoir in fluid communication with the 10 
restriction device, and the at least one valve is con- 
figured to release fluid from the high pressure fluid 
reservoir and into the restriction device and to re- 
lease fluid from the restriction device into the low 
pressure fluid reservoir. is 
Embodiment 8: The system of embodiments, where- 
in the at least one pre-set pressure limit is adjustable. 
Embodiment 9: The system of embodiments, where- 
in the at least one pre-set pressure limit is adjustable 
by adjusting a pressure of fluid in the at least one 20 
fluid reservoir. 

Embodiment 10: The system of embodiment 8, 
wherein the at least one pre-set pressure limit is ad- 
justable by adjusting a parameter of the at least one 
valve. 25 
Embodiment 11: The system of embodiment 2, 
wherein the at least one valve comprises a logic 
valve. 

Embodiment 12: The system of embodiment 11, 
wherein the logic valve is configured to regulate fluid 30 
flow in response to a pressure of fluid in the restriction 
device acting thereon. 

Embodiment 13: The system of embodiment 1 2, fur- 
ther comprising a biasing mechanism coupled to the 
logic valve and effective to apply a biasing force to 35 
the logic valve that acts against a force applied to 
the logic valve by a pressure of fluid in the restriction 
device. 

Embodiment 14: The system of embodiment 13, 
whereinthe biasing mechanism is adjustableto allow 40 
the biasing force to be adjusted. 
Embodiment 15: The system of embodiment 11, 
wherein the logic valve includes a first port in fluid 
communication with the at least one fluid reservoir, 
a second port in fluid communication with the restric- 45 
tion device, and at least one seal configured to reg- 
ulate fluid flow between the first and second ports to 
thereby regulate fluid flow between the at least one 
fluid reservoir and the restriction device. 
Embodiment 16: The system of embodiment 15, 50 
wherein the logic valve includes a third port in fluid 
communication with the at least one fluid reservoir, 
and wherein the at least one seal is configured to 
regulate fluid flow between the second port and the 
third port to thereby regulate fluid flow between the 55 
at least one fluid reservoir and the restriction device. 
Embodiment 17: The system of embodiment 16, 
whereinthe logic valve is configured to regulate fluid 



flow between the first, second, and third ports in re- 
sponse to a pressure of fluid in the restriction device 
acting thereon. 

Embodiment 18: The system of embodiment 16, 
wherein the at least one fluid reservoir comprises a 
high pressure fluid reservoir coupled to the first port 
and a lower pressure fluid reservoir coupled to the 
third port. 

Embodiment 19: The system of embodiment 2, 
wherein the at least one valve comprises a regulator 
valve. 

Embodiment 20: The system of embodiment 19, 
wherein the regulator valve includes a bi-stable 
beam that is effective to selectively open and close 
the regulator valve. 

Embodiment 21: The system of embodiment 20, 
wherein the bi-stable beam is configured to buckle 
when a force is applied thereto to open the regulator 
valve and allow fluid flow between the at least one 
fluid reservoir and the restriction device. 
Embodiment 22: The system of embodiment 21 , fur- 
ther comprising a biasing mechanism coupled to the 
bi-stable beam and effective to apply a biasing force 
to the bi-stable beam to direct the bi-stable beam 
toward a buckled configuration, and wherein a force 
applied thereto by a pressure of fluid in the restriction 
device is effective to counteract the biasing force of 
the biasing mechanism. 

Embodiment 23: The system of embodiment 19, 
wherein the regulator valve includes a gate that is 
movable between an open position in which fluid can 
flow from the at least one fluid reservoir to the re- 
striction device, and a closed position in which fluid 
is prevented from flowing between the at least one 
fluid reservoir to the restriction device, and wherein 
a biasing mechanism applies a biasing force to the 
gate to move the gate to the open position and a 
force applied by a pressure of fluid in the restriction 
device is effective to counteract the biasing force of 
the biasing mechanism to move the gate to the 
closed position. 

Embodiment 24: The system of embodiment 23, 

wherein the biasing mechanism is adjustableto allow 

the biasing force to be adjusted. 

Embodiment 25: The system of embodiment 2, 

wherein the valve comprises at least one check 

valve. 

Embodiment 26: The system of embodiment 25, 
wherein the at least one check valve has a cracking 
pressure such that the at least one check valve is 
configured to open to allow fluid flow between the at 
least one fluid reservoir and the restriction device 
when a pressure of fluid in the restriction device is 
less than or greater than the cracking pressure. 
Embodiment 27: The system of embodiment 26, 
wherein the at least one fluid reservoir comprises a 
high pressure fluid reservoir and a low pressure fluid 
reservoir and the at least one check valve comprises 
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a first check valve coupled to the high pressure fluid 
reservoir and a second check valve coupled to the 
low pressure fluid reservoir. 
Embodiment 28: The system of embodiment 27, 
wherein thefirst check valve has afirst cracking pres- 5 
sure such that the first check valve is configured to 
open and release fluid from the high pressure fluid 
reservoir into the restriction device when a pressure 
of fluid in the restriction device is less than the first 
cracking pressure, and the second check valve has 10 
a second cracking pressure such that the second 
check valve is configured to open and release fluid 
from the restriction device into the low pressure fluid 
reservoir when the pressure of fluid in the restriction 
device is greater than the second cracking pressure, is 
Embodiment 29: The system of embodiment 26, 
wherein the at least one check valve is an adjustable 
check valve. 

Embodiment 30: The system of embodiment 29, 
wherein the adjustable check valve comprises an 20 
adjustable magnetic check valve. 
Embodiment 31: The system of embodiment 2, 
wherein the at least one fluid reservoir comprises a 
high pressure fluid reservoir, and wherein a pressure 
of fluid in the high pressure fluid reservoir is adjust- 25 
able. 

Embodiment 32: The system of embodiment 31, 
wherein the high pressure fluid reservoir includes an 
osmotic pump. 

Embodiment 33: The system of embodiment 31, 30 
wherein the high pressure fluid reservoir includes a 
chamber having chemical reactants contained there- 
in and configured to react to generate a high pres- 
sure. 

Embodiment 34: The system of embodiment 33, 35 
wherein the chamber includes a port configured to 
allow the chemical reactants to be altered to change 
the high pressure. 

Embodiment 35: The system of embodiment 33, 
wherein the reactants are configured to combine in 40 
an exothermic reaction. 

Embodiment 36: A method for maintaining a restric- 
tion in a pathway, comprising: 
implanting a restriction device in a patient such that 
the restriction device forms a restriction in a pathway 45 
that corresponds to an amount of fluid contained 
within the restriction device, the restriction device 
being coupled to a fluid logic system that regulates 
an amount of fluid in the restriction device in re- 
sponse to a fluid pressure acting thereon. 50 
Embodiment 37: The method of embodiment 36, 
wherein the fluid logic system includes at least one 
fluid reservoir and at least one valve coupled be- 
tween the at least one fluid reservoir and the restric- 
tion device, the at least one valve regulating fluid 55 
flow between the at least one reservoir and the re- 
striction device to regulate the amount of fluid con- 
tained within the restriction device. 



Embodiment 38: The method of embodiment 37, 
wherein the amount of fluid is regulated to maintain 
a pressure of fluid in the restriction device within a 
pre-set pressure range. 

Embodiment 39: The method of embodiment 38, 
wherein the pre-set pressure range includes a min- 
imum pre-set pressure and a maximum pre-set pres- 
sure, and wherein the at least one valve opens to 
allow fluid to flow into the restriction device from the 
at least one fluid reservoir when the pressure of fluid 
in the restriction device is less than the minimum pre- 
set pressure, and the at least one valve opens to 
allow fluid to flow out of the restriction device from 
the at least one fluid reservoir when the pressure of 
fluid in the restriction device is greater than the max- 
imum pre-set pressure. 

Embodiments: The method of embodiment 38, fur- 
ther comprising adjusting the pre-set pressure 
range. 

Embodiment 41: The method of embodiment 40, 
wherein adjusting the pre-set pressure range com- 
prises adjusting a pressure of fluid in the at least one 
fluid reservoir. 

Embodiment 42: The method of embodiment 40, 
wherein adjusting the pre-set pressure range com- 
p ris es adj ust i n g a pa ram ete r of t he at I e ast 0 n e va I ve . 

Claims 

1 . A self-regulating restriction system, comprising: 

a restriction device configured to receive fluid 
and to form a restriction in a pathway corre- 
sponding to an amount of fluid contained therein; 
and 

a fluid logic system coupled to the restriction de- 
vice and configured to regulate an amount of 
fluid in the restriction device in response to a 
fluid pressure acting thereon. 

2. The system of claim 1 , wherein the fluid logic system 
includes at least one fluid reservoir and at least one 
valve coupled between the at least one fluid reservoir 
and the restriction device. 

3. The system of claim 2, wherein the fluid logic system 
defines at least one pre-set pressure limit, and when 
a pressure of fluid in the restriction device is less 
than orgreaterthantheat least one pre-set pressure 
limit the at least one valve moves from a closed to 
an opened position to allow fluid to flow between the 
at least one fluid reservoir and the restriction device. 

4. The system of claim 3, wherein the at least one fluid 
pressure fluid reservoir comprises a high pressure 
fluid reservoir in fluid communication with the restric- 
tion device, and the at least one pre-set pressure 
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limit comprises a minimum pre-set pressure limit, 
and wherein when the pressure of fluid in the restric- 
tion device is less than the minimum pre-set pressure 
limit the at least one valve is configured to open to 
allow fluid flow from the high pressure fluid reservoir 
into the restriction device. 

5. The system of claim 3, wherein the at least one fluid 
pressure fluid reservoir comprises a low pressure 
fluid reservoir in fluid communication with the restric- 
tion device, and the at least one pre-set pressure 
limit comprises a maximum pre-set pressure limit, 
and wherein when the pressure of fluid in the restric- 
tion device is greater than the maximum pre-set 
pressure limit the at least one valve is configured to 
open to allow fluid flow from the restriction device 
into the low pressure fluid reservoir. 

6. The system of claim 3, wherein the pre-set pressure 
limit includes a maximum pre-set pressure limit and 
a minimum pre-set pressure limit, and wherein the 
at least one valve is configured to open to release 
fluid from the at least one reservoir into the restriction 
device when the pressure of fluid in the restriction 
device is less than the minimum pre-set pressure 
limit, and the at least one valve is configured to open 
to release fluid from the restriction device into the at 
least one reservoir when the pressure of fluid in the 
restriction device is greater than the maximum pre- 
set pressure limit. 

7. The system of claim 6, wherein the at least one fluid 
pressure fluid reservoir comprises a high pressure 
fluid reservoir in fluid communication with the restric- 
tion device and a low pressure fluid reservoir in fluid 
communication with the restriction device, and the 
at least one valve is configured to release fluid from 
the high pressure fluid reservoir and into the restric- 
tion device and to release fluid from the restriction 
device into the low pressure fluid reservoir. 

8. The system of claim 3, wherein the at least one pre- 
set pressure limit is adjustable. 

9. The system of claim 8, wherein the at least one pre- 
set pressure limit is adjustable by adjusting a pres- 
sure of fluid in the at least one fluid reservoir. 

1 0. The system of claim 8, wherein the at least one pre- 
set pressure limit is adjustable by adjusting a param- 
eter of the at least one valve. 

1 1 . The system of claim 2, wherein the at least one valve 
comprises a logic valve. 

12. The system of claim 1 1, wherein the logic valve is 
configuredto regulate fluidflow in response to a pres- 
sure of fluid in the restriction device acting thereon. 



1 3. The system of claim 1 2, further comprising a biasing 
mechanism coupled to the logic valve and effective 
to apply a biasing force to the logic valve that acts 
against a force applied to the logic valve by a pres- 

5 sure of fluid in the restriction device. 

14. The system of claim 13, wherein the biasing mech- 
anism is adjustable to allow the biasing force to be 
adjusted. 

10 

1 5. The system of claim 1 1 , wherein the logic valve in- 
cludes a first port in fluid communication with the at 
least one fluid reservoir, a second port in fluid com- 
munication with the restriction device, and at least 

15 one seal configured to regulate fluid flow between 
the first and second ports to thereby regulate fluid 
flow between the at least one fluid reservoir and the 
restriction device, acting thereon. 

20 



25 



30 



35 



40 



45 



50 



55 



21 



EP 2 074 971 A1 



FIG. 1 



High Pressure 
Reservoir 



30- 



50- 



Fluid Logic 
System 



Low Pressure 
Reservoir 



22 



EP 2 074 971 A1 



FIG. 2A 
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FIG. 3 
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FIG. 6 A 
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FIG. 7 
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FIG. 9C 
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